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INTRODUCTION 


Various attempts have been made up till now to define 
Mathematics but none seems to 'have been universally accepted. 

So I think it is here needless;: for me to define it. I would 
also like to refrain from dilating upon its origin, importance 
and value. 

It is a well-recognized fact that among the different 
sciences Mathematics occupies a unique place, as it happens to 
be the only exact science. The Greeks had an unflinching 
faith in its educational value, and they considered it essential 
for any individual to study this important subject before he 
or she was allowed to enter the field of philosophy. 

In this connection it may be added that the Indians in 
general and the Jainas in particular have not been behind any 
nation in paying due attention to this subject. This is borne . 
out by Ganitasarasangrahd^ ( v. 9-1 5 ) of Mahaviracarya ( 850 ^ 
A. D. ) of the southern school of Mathematics. Therein he 
points out the usefulness of Mathematics or “the science of 
calculation” regarding the study of various subjects like music, 
logic, drama, medicine, architecture, cookery, prosody, grammar, 
poetics, economics, erotics etc. 

Place of Mathematics in Jainism 

The sacred works of the had been originally com- 

posed with a view to provide for every agama four expositions,! ^ 
technically known as (i) dharmakathanuyoga, (2) ganiianuyogaX 
(3) dravyanuyoga and (4) caranakarananiiyoga. It was 
Aryarak§ita Suri, who, however, discontinued this line of inter- 
preting the sacred works in the four ways above alluded to, as 
this method required immense proficiency. He, thereupon, 
specified for each of the agamas the anuyoga mQdcat for it, and 
classified them accordingly. In virtue of this new arrangement 
Uttarddhyayanasuira etc., come under dharmakathanuyoga^ 
Suryaprajnapti, Candraprajhapiiy J amhudvipaprajnapti etc., 
under ganitdnuyoga, the fourteen Pur v as etc,, under 
dravyanuyoga, and Acdrdhgasutra, Das'avaikdlikasutra, etc., 

1. This has been edited in A. D. 1912 with an English translation by Mr. 
Bahg^harya. 
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under caranakarananuyoga, the last anuyoga, which is, how- 
ever, by no means less important than the preceding ones. 

Ganitanuyoga and kala are synonymous terms. In order 
that a religious ceremony of diksa ( renunciation of the 
worldly attachments) may yield the desired fruit, it was 
ordained that it should be performed at the right time, in 
an auspicious moment. This required the correct knowledge 
about the motion of the celestial bodies, and this, in its turn, 
was dependent upon the knowledge of Mathematics. This is 
how Mathematics and are inter-connected. 

Under these circumstances, strictly speaking, to translate 
ganitanuyoga hy ihQ word “Mathematics” is hardly justifiable, 
though some of the modern writers have done so. If the 
sambandha and the sambandhin are however considered as 
one, then, of course, it is admissible. 

From the above remarks it will be evident that it is not 
simply because of the fact that Mathematics plays an important 
part in the cultivation of the , habit of concentration and thus 
indirectly helps the religious contemplation, that it had received 
special attention at the hands of the Jaina saints; but it is 
rather due to its forming a part and parcel of their religious 
doctrines, as it is instrumental, primarily or subsidiarily, in 
the attainment of the goal of final emancipation. This will also 
account for the frequent Mathematical references in almost 
every standard work of t\iQ Jaina school of thought. 

The references given below will corroborate the important 
place assigned to Mathematics in Jainism. 

(1) Bhagavafisutra ( sfltra 90 ), the fifth anga and Utta. 
radhyayanasutra ( ch. XXV, v. 7, 8, 38) inform us that know- 
ledge of sankhyana (arithmetic) z.nA. jyotisa (astronomy) is 
one of the main accomplishments of a Jaina saint. 

(2) Lord Rsabha, the first Tirthankara of the present 
cycle of time Himself taught 72 arts^ to His eldest son Bharata 

1. There are soTeral -works wherein these are enumerated e. g. ( 1 ) Sama- 
vaya, the 4th anga, 72nd chapter (samavaya), (2) Antakrddaa'a (English 
translation by L. D. Barnett, 1907, p, 30), (3) Rdjapras'nlyaautva (sutra 
83), (4) Kdlpasutra, (S. B. 1. Vol. XXII, p. 282, sutra 211) and (5) 
PratneyaTatnamanjwsd, S'autioandra Gani’s commentary to JawibudinpapTajnapti 
(pp.36fE.)etc. 
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—the arts wherein arithmetic occupies a place next^ only to 
^writing.® Moreover, with His left hand He taught arithmetie 
to His daughter Sundari. 

(3) The fact mentioned in Kalpasutra ( sutra 9, S. B. E. 
vol. XXII, p. 221 ) that Lord Mahavira, the 24th Tirthankara 
was to be well-grounded in arithmetic as implied by one of the 
fourteen dreams seen by Devananda, the wife of Rsabhadatta 
has led some scholars to infer that the Jainas hereby attribute 
to their last Tirthankara, the sound knowledge of sciences like 
Mathematics. 

(4) Mahaviracarya offers his salutation to Lord; Mahavira 

'■^sankhyajnanapradlpena'’'. 

(5) Gapia (Sk. Ganita) is referred to as mithyasr'uta ra. 
Nandlsutra ( sutra 42 ) and as lauMkaagama in Anuyogadvara- 
sutra (sutra 144). All the same it should not be forgotten that 
its proficiency is considered as one of the qualifications of an 
acarya as could be seen from Amranganiryukti ( v. 50)®. 

The Jaina Works on Mathematics 

It is not possible to give a complete list of all the Jaina 
works dealing with Mathematics. Here an attempt is made to 
point out those which are extant, and also to indicate those, 
the existence of which is inferable from other sources. 

Suryaprajnapti and Candraprajiiapti are the two astrono- 
mical* works, which have survived till the present day. They 
come under the class of the twelve and are respecti- 

vely associated with Bhagavati and Upasakadada ( the 
seventh anga) respectively®. 

1. In the Buddhistic canonical literature arithmetic is given the first place, 
and is looked upon as one of the noblest arts. See Yinayapitaha, ( ed, by 
Oldenberg, vol. lY, p, T ), MajjMmanihdya (voL I, p. 85) and Cullaniddessa, 
(p. 199), 

2. Bee Sutra 211. 

3. This runs as under : — 

“»rPi:4 i 

3Rsiir II II” 

4. Astronomical information can be gathered from other scriptures as well. 
I'or instance the following sutras of Scmavaya may be consulted: — 

59-62, 67, 71, 78-80, 82, 88, 93, 98, 99 etc. 

5. See Prameyaratnamanjusa { p. 1 ). 
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Bhadrabahusvamin, the last sakalas'rutajnanin had written 
zniryukii on SuryaprajnapU; but it is unfortunately extinct.^ 
This niryiikti has been referred to by Malayagiri Suri in his 
ooxaxnontnx'y Xo Suryaprajfiapti in the opening lines. Further- 
more, a few lines from this work are quoted therein ( vide com. 
to the iith sutra) by this well-known commentator, who has 
composed in Sanskrit, a commentary on Candraprajnapti as 
well. 

Bhadrahahusamhita may be also mentioned in this connec- 
tion, though this work of which the authorship is attributed to 
Bhadrabahu, the celebrated niryuktikara, is said to be more of an 
astrological nature than astronomical. It is no more available.^ 

In Bhattopala’s commentary to Brhatsamhitay a standard 
work of VarShamihira (505 A. D. ), one Bhadrabahu is referred 
to; but we cannot say for certain as to who he is. 

Dr. G. Thibaut has written a paper® on Suryaprajnapii. 
There he says that this work must have been composed before 
the Greeks came to India, as there is no trace of Greek influence 
in it.® In conclusion he points out the striking resemblances 
which the cosmological conceptions of an old Chinese work 
called Chau-pei’* bear to the ideas on the same subject as 
ox-^onnd.od. in l\ns Suryaprajnapii. 

Prof» Aufrecht Weber points out that the doctrine propo- 
unded in Suryaprajnapii shows in many points an unmistakable 
resemblance with the contents of Jyotisaveddnga. He adds 
that not only do the astronomical works of the Jainas furnish 
information about the conceptions of a religious sect but may, 
if rightly investigated, yield valuable material for the general 
history of Indian ideas.® 

1. There is a work of the same name available. It is published in. the Punjab 
Sanskrit Book Series, but its genuineness is not beyond doubt. 

2. Vide ‘‘Astronomie, Astrologie und Mathematik” published in ‘‘Grundriss 
der Indo-Arishen Philoiogie und Altertumskunde” ( Enoyclopsadia of Indo- 
Aryan Eesearch ), vol. Ill, ISTo. 9, p. 20. See also J. A, S. B. 1880, No. 3. 

3. The approximate date of its composition is suggested as 500 B. C. 

L A complete translation of this work has been published by E. Biot in 
the Journal Asiatique, 1841, pp. 592-639. 

5. See '‘Sacred literature of the Jainas” I, p. 372 and II, p. 574 fc For 
English translation by Dr. Herbert Weir Smith see Indian Antiquary (vol. 
XXI, p. 14 fi.). — , 
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Some references about are met with in (i) 

J. B. A. S. ( vol. 49, 1880, pp, 181 and 187 ), (2) in the 
Journal of the Mythic Society (vols. XV and XVI ) where there 
are articles by Dr. R. Shamshastry, (3) in “Geschichte der 
Indischen^ Literature®” by Prof. M. Winternitz (1920, vol. II,), 
(4) in “Der Jainismus” by Prof. H. V. Glasenapp ( Berlin, 
1925,) and in (5-6) the articles of Dr. Sukumar Ranian Das 
entitled as “a short chronology of Indian Astronomy® ” and 
published in the “Indian Historical Quarterly” ( vol. VII, 
No. I, pp. 137-149) and “The Jaina School of Astronomy*” 
which is also published in this very Quarterly ( vol. VIII, 
No. I, pp. 30-42 ) and wherein we find the detailed information 
about this very work. 

Jyoiisakarandaka written by a purvadhara and codified 
at the Valabhl council is another important work on astronomy. 

It is also divided valo pahudas ( prabhrtas ) like the previous 
works and is published by Rsabhadevaji Kesarimalji Samstha, 

( Rutlam, A. D. 1928). This important work seems to have 
hardly attracted the necessary attention of scholars. 

As observed by my friend Dr. Bibhutibhushan Datta, D. 
Sc., in his article “The Jaina school of Mathematics”, there is a 
Jaina astronomer Siddhasena by name. He has been referred 
to by VarShamihira in his standard work and that even some 
passages from his work have been quoted by Bhattopala 
(966 A. D.). 

It will not be fruitless to add here that the Lavanadkikara 
of Jlvajwabhigamasutra throws some light on tides and Uttar d- ‘ 
dhyayanasutra ( ch. 26 ) on paurusis. 

Ksetrasamdsa {Jambudvtpasamdsaprakarana') attributed 
to Umasvati®, Brhatksetrasamdsa of Jinabhadra® Gapi ( c. 

1, Se© “Indlsoh© Stuoien” ( Indian Studies ), 186 7, X, 254 

2, A reference about Gmdraprajnapt% too j is found ber©. See toI II, 
pp, 292 and 316. 

3-4, In these two articles, there is an erroneous statement regarding 
the existence of Gandraprajnaptip This is pointed out by me in note 
on Candraprajiiapti ” published in the same Quarterly (Yol, VIII, Xo, 2, pp. 
381-382 ). I may add that the Hindi translation of this work is also published. 

5, His bhasya on TattYarthadhigamasutra contains some geometrical 
formulae. 

6, He has been praised as a mathematician by Siddhasena Suri, in his 

to Jliahalpa^ the actual Terse being as under: — 
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550 A. D. ) and works of the like nature may be mentioned en 
passant, though they do not deal exclusively with Mathematics. 

The only treatise on ganitah'^ z. Jaina scholar which has 
seen the light of the day is GanitasS,rasangraha of Mahavira. 
Dr. B. Datta has written a special article pertaining to it. It 
is entitled as “On Mahavira’s solutions of Rational Triangles 
and Quadrilaterals” and is published in the Bulletin of the 
Calcutta Mathematical Society (vol. XX, 1928-29). 

Angulasapiaii by Municandra Suri, though small in size, 
beautifully elucidates the use of the three types of the angulas, 
etc. It is composed in 70 verses in Prakrit and is published 
in A. D. 1918 as the 3rd work of 5 .tma-Kamala-Jaina-library 
by the secretaries of S'rl Mahavira Jaina Sabha, Cambay. 

Besides these works in Prakrit and Sanskrit there are some 
works of Jaina authorship, written in Kanarese language. 
For instance, S'ridharacarya (1049 A. D.) has composed 
in verses Jatakatilaka, a work of an astrological nature.^ 
Rajaditya (1120 A. D. ) is an author of_six works®: ( i ). 
Vyavaharaganita (in mixed prose and poetry), (2) Ksetraga- 
nita (in poetry), (3) Vyavahararatna, Lilavati, (5) 
Jainaganitasutrodaharana and ( 6 ) Citrahasuge? 

While explaining Mathematical topics the various Jaina 
commentators have quoted from Karanabhavanas or Karana- 
gUthas, wtiich give in a nut-shell the Mathematical calculations. 
Dr. B. Dutta considers them as independent works but a 
Jaina saint informs me that they are mere rules forming a part 
of the curni of J amhudvipapYajnapti. Whatever may be the 
correct notion, it is certain that they, too, point to the existe- 
nce of some Mathematical work or works lying in an unpubli- 
shed condition or destroyed. 


It should be remembered that these are not the only 





1. See “Karnataka Eavi Charitre” (vol. I, p, 76) by Narasinhacharya. 

2. Ibid p. 122. 

3. I am indebted to Prof. T. E. Tukol, M. A., LL. B, for his having supplied 
me with this information but it has not been possible for me to verify its 
genuineness. 
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Mathematical works of the Jainas. For, xve have reasons to 
believe that some are still lying buried in the bha^daras and a 
number of them seem to have perished. This is borne out by 
Ganitasarasakgraha (ch. i,^ v. 17-19), where its author has 
expressed his indebtedness to many previous Mathematicians. 
Furthermore, the fact that the three verses pertaining to 
‘ Permutations and Combinations ’ and quoted by S'ilahka Sfiri 
( 862 A. D.) in his commentary, to Acaranga are not traceable 
to any available Mathematical work corroborates this inference®. 
Moreover, the mention of six mensuration-formute by UmSs- 
vati in )ax% hhasya to Tattvarthadhigamasutra s. ii) 

supports this view-point. 

The Ten Types of Sankhyana 

Sthana, the second anga of the Jainas mentions ten® kinds 
of sankhyana^ or calculation viz., (i) parikarma, (2) vyava- 
hara, (3) rajju, (4) rSs'i, (5) kalSsavartia ( 6 ) ySvattavat, 
(7) varga, (8) ghana, (9) vargavarga, and (10) kalpa,® as 
can be seen from the following couplet incorporated in its 
747th sutra 

^ wV <i gr cTi ^ ^ gr il”® 

1. In the concluding lines of the chapter this author has recommended the 
jijnasus ( jStlT f gs ) of further details on terminology to consult the agamm. 

2. Probably a similar remark holds good in the case of a verse or so referred 

to by Abhayadeva Suri in his commentary to Sthdnangasutra^ while explaining 
the meaning of a kind of calculation. 

3. In a curni, these are mentioned as 16, .Brahmagupta has indicated 20j 
and Mahaviracarya 8. 

4. Dr. B, Datta translates this as '‘Science of numbers”. 

5. This is what is interpreted by Abhayadeva Suri. Dr, Datta however 
mentions the tenth sankhyana ‘vikalpa* ( permutations and combinations ); 
he reads m and Puppet together. 

6. We come across the following verse which slightly differs from this and 
which is quoted by S'ilanka Suri in his commentary to Sutrahrta^ the second 
ahga (2nd s^rutaskandha, ch. 1, sutra 154):— 

3K(wr)® ER ofTir ^ (et) u” 

This will show that not only does the order of the ten types of sankhyana 
differ, but even there is a material difference. For, the second line, if construed 
as suggests by th^ editor of calculations mentioned therein refer to 
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Abhay ade va Silri, the nmanglvfttikma explains this 
verse while commenting upon this ahga. According to his 
interpretation these ten Mathematical topics respectively 
represent calculations pertaining to ( i ) summation^ etc^j 
well-known to a Mathematician, (2) Sfmivyavahafa etc., 
treated in Pd0ganita or arithmetic, (3) plane geometry so far 
as its calculations are carried on by means of a rope^, 
( 4) a heap of corn etc., usually called rdszvyamMra, (s ) 
fractions, (6) multiplication or summation of natural numbers, 
(7) square, (8) cube, (9) fourth power, and (10) splitting 
wood by means of a saw styled as krdkacavyavaMra. 

There is a very wide gulf between this interpretation and 
that of Dr. B. Datta, since the latter has translated these ten 
topics^ as ( I ) fundamental operations, ( 2 ) subjects of treat- 
ment, ( 3 ) geometry ( 4 ) mensuration of solid bodies, ( 5 ) 
fractions, ( 6 ) simple equations, ( 7 ) quadratic equations, ( 8 ) 
cubic equations, (9) biquadratic equations, and (10) permuta^ 
tions and combinations.^ 


( 1 ) pudgala, ( 2 ) yavat-tavat, ( 3 ) ghana ( 4 ) ghanamula ( cube root ), ( 5 ) varga 
and (6) vargamula (square root ). Thus tbe number of types will be eleven 
and not ten, a fact hardly admissible, when it contradicts a canonical statement. 
Moreover it is not clear as to what is actually meant here by pudgala. 

1. If this implies summation of series, a meaning assigned to it in 
Gav^itasafasangraha^ the 6th type must mean mulcipUcation ; and thus there 
is no chance left for the alternative suggested by the commentator on p. 7. 

2. The third type viz. Rajjusankhyana can be equated to iulba sutra; for, in 

Katyayana sutra, paris^ista ( 1, 1 ) we note the like Further- 

more that Ksetragan^ta signifies geometry is corroborated by Gai^itmarasan* 
graha (ch. VI ). Geometry is spoken of in SutrahTta { II, 1, 154 ) as the lotus 
in Mathematics, the rest being considered as inferior to it. 

It may be mentioned in this connection that over the entrance to the 
academy of Plato, one of the great philosophers of ancient lonina, there was 
the following inscription : — 

‘‘Let no one unacquainted with geometry enter here ” 

3. In this connetion the Bulletin of Calcutta Mathematical Society (Yol, 
XXI, No. 2, pp. 121-124 ) deserves to be carefully read. 

4. See 716th sutra which runs as under;— 

ifw wim, V! ^fi— srrf -^1% i” 

The commentator while explaining ga^iymuhumc(> makes the following 
noteworthy observation : — 


.‘‘niSiRiiS’i- 


I” 
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It is extremely difficult to reconcile these two views especi- 
ally when we have at present neither any access to a comment- 
ary prior to the one mentioned above nor to any Mathematical 
work of authorship which is earlier than Ganitasara. 

sahgraha. So, under these circumstances, I shall be excused, 
if I. reserve this matter for future research. 


Permutations and Combinations 
Bhanga^ is the name given to permutations and combina- 
tions as can be seen from the 716th sutra of Sthananga 
quoted on p. xii. While explaining bkangasnhume occurring 
in this sutra, Abhayadeva Suri has observed - 

?KTsr cmrar sttW ft'or ?t \ 3T??rr w 3[s?r?r; R 

gi-qr \ sF’arcr: « ifw g 

\ 5T 5Tf^: R ^ WRRT: % 3T??rT ^ 

i[sq^ w ^s?J?crr 

This points out two types of bhangas : (i) sthanabhahga 

z.n.dL ig) kramabhahga. 


Three verses pertaining to hhanga are noted as under by 
S'ilahka Suri in his commentary to Sutrakrta ( Samayadhyayana, 
AnuyogadvSra, V, 28 ):— . 


II \ II 

55^T5[5f^ tn snrirf i 

55^jtV %% II ^ If 

^ II ^ II’ 


1 In connection with this hhang^a^ we find in Avm^yahmutra'Qiiryuhti (v, 
1478) a hemistiohas under:-— 

In Brhathalpahhasya ( v. 143) we note a line as helow ; — 

This is explained by Malayagiri Suri in his commentary. There he takes the 
word hhanga and gannnya separately and interprets the former and the latter as 
catthfhhangl etc, and sankalana etc, respectively. 

2 This is styled as hara'^a-gatha. See p. xv, 

5^ srrffh'^. ' ■ ^ ' ■ ■ 



XIV 


IHTEODUOTION 


These three verses give three rules. The first enables 
us to determine the total number of transpositions which 
can be made when a specific number of things is given. 
The remaining two rules are helpful in finding the actual spread 
of representation. These are technically referred to as asso- 
ciated with bhedasankhyaparijnana and prasiaranayanopaya. 

Typical Problems 

Examples requiring the knowledge of permutations and 
combinations are found in plenty, in the canonical works of the 
Jainas. This subtle subject is very beautifully handled by them. 
Here I shall draw attention to some standard problems. One 
of them is known as Gangeyabhanga treated in <pCa. d ataka 
oi Bhagavafi. The diagrams etc. pertaining to it are given in 
Abhidhanarajendra ( Vol. V, pp, 888-896), while explaining the 
word pavesanaya {praves'anaka ). Another is connected with 
the vows of a S'ravaka. It is discussed by Nemicandra Suri in 
his Pravacanasaroddhara {dvara 336) and has been explained 
by Siddhasena in his commentary (pp. 390-398) to this work. 

Pudgalabhanga and its vivrti by Nayavijaya Gatii, too 
deals with bhangas} 

While measuring the size of an agamUy it is usual with the 
Jainas to mention the number of padas it consists of. There 
are 64 root-letters of the alphabet or representations of sounds. 
Of course, therein 33 are consonants, 27 vowels (?'. e. 3 kinds- 
slight, long and prolonged, of each of the 9 vowels wfsr., ST, 
sR, ^ and STT ) and mixed sounds, such as hk, hkh, 

hp, and hph which help in the formation of compound letters. 
The total number of possible combinations of these 64 letters 
taken singly and into compounds of 2, 3, 4, or more up 
to 64 letters is 2®*-i, i. e. i, 84, 46, 74, 40, 73, 70, 95, 5I) 615. 
These are the letters ( simple and compound) dfida m its 
entirety. This number divided by 16, 34, 83, 07, 888, which is 
the number of letters in a middle foot {madhyamapadd) of para, 
magama gives us the numbers oi padas oi the Ahgas, as ii, 28, 

1 There is a MS. No. 215 of 1871-72 in the Goyernment Manuscripts Library 
at the Bhandarkar Oriental Eesearch Institute. It is described by me along 
with other Jaina MSS., and will be published in the Descriptive Catalogue of 
Jaina MSS, prepared by me. 
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35, 8o/ 005. The remainder 8, 01, 08, I7S gives us the letters 
of that part oi s'ruta which is not contained in the Ahgas} 

While dealing vrith bhangasamtitkirtana oi Sangraha naya, 
the number of combinations pertaining to anupurm and avak~ 
taken one, two etc. up to all at a time is mentioned as 7 in 
Anuyogadvara {y,^txz ^2). 

These are not the only instances where knowledge of the 
hkangas has been utilized by the Jamas; for,, while discussing 
the ananupuyvt of samayika, that of Namaskdramantra and 
that oinava padas forming Siddhacakra they have done so. 

Out of these three, I shall here deal with only the first. 
Samdyika is one of the six adhyayanas of Avas'yaka. It occu- 
pies the first place from the stand-point of purvdnupurvi, and 
the sixth, from the stand-point of pas' cdnupurvi. Since the 
number of permutations of one to six taken all at a time is 720, 
the place of Samdyika according to andnupurvl can be any one 
out of 720 minus 2 i. e. 718. This fact etc. is mentioned in 
Vis'esdvas'yakahhdsya as under: — 

II II 

^ II II® 

The Jainas have utilized their mathematical knowledge in y 
tackling problems of various other kinds, too. Out of many 
one may be pointed out here viz. the number of ways of 
observing celibacy which is given as 18000. 

The objects of the world can be grouped under two 
heads: (i) animate and (2) inanimate. The former is 

divided into two classes: (i) sihdvara and (2) irasa having 
five and four sub-divisions respectively. Whenever an inani- 
mate object is mistaken for an animate one, it, too, should 
be looked upon as animate. In such a case the number of 
the types of the animate objects comes to ten. Ks^amd etc. 

1 See Sacred books of the /ameisa” (VoL II, p. 29), 

2 For further details about ananupurvi see Anuyogadvafdb (sutras 114-120). 

3 "Fot a discussion in German see ‘‘tfbersicht tiber die Avasyaka-Literatur’^ 

(pp. 41-42). , . ^ 
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are the ten kinds of dharma prescribed for a Jaina S^dku, 
Each of these is connected with the ten types of the animate 
objects. Every action is again associated with five organs of 
sense. A living being does a thing, under the impulse of 
four sanjnas. An act is of three kinds: (i) mental, (2) vocal 
and (3) physical. Again an act maybe done by one self or 
it may be got done or it may be approved of. Hence, in all a 
saint can observe his discipline in 10x10x5x4x3x3 = 18000 
ways.^/ 

Before Ideal with notational places I may here record 
three or four things connected with Sthdnahga and its com- 
mentary. Firstly, this canonical work considers in- 

cluding bhanga ( permutations and combinations ) to be very 
suksma (subtle or diflScult).® Secondly, as pointed out by 
Dr. B. Datta, Abhayadeva Suri has at least once referred to 
algebra as can be inferred from“jr(nt?r^'^^SIRT*li”,a part of the 
commentary to the 673rd sutra. Thirdly,. while considering the 
747th sutra, Abhayadeva Suri has quoted the following verse - 



Fourthly, this Siiri, the commentator remarks that examples 
to illustrate/an'i^ama etc., are not given as they can be hardly 
followed by the dull-headed.* 

Notational Places (ankasthanas) in Jainism 
in Ganitasdrasangfaha we come across the following 
names of the twenty-four notational places commencing with 
the unit, each of which is 10 times the preceding : — 

(i) Eka (unit), (2) Das'an (ten), (3) S'ata (hundred), 
(4) Sahasra (thousand), Dad asahasm (ten thousand), (6) 

Laksa (lac), (7) Das_'alaksa (ten lac, million), (8) Koti 

1 For a diagram see G. 0. Series No. LI, p. 2L 

2 See the 4th note on p. xii. 

3 He has ijlustrated this conplet by taking gaccha and ^anchd to denote 
10 and 8 respectively. This, ■when expressed algebraically may be represented 

which ■will show the tntility of introducing x. 

4 Had they ^been given, I think, they would have surely helped us in 
arriving at the correct interpretation of the 747th sutra of StMnanga. 
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(crore), (g) Das'akoti (ten crore), (lo) S'atakoii (hundred 
crore), {ii') Arhida (thousand crore), (12) Nyarbuda (ten 
thousand erore), (13) Kharva (hWlion), (14) Mahakharva, 
(15) Padma, (16) Makapadma, (17) Ksoni, (18) MaJiaksoni, 
(19) (million billion), (20) (trillion), (21) 

Ksiti, (22) Mahaksitii (23) Ksobha and (24) Makahod/ia (lO*®). 

If we however refer to Sthananga (II, 4, 95), Jambudvi- 
paprajnaph (sutra 18), Suryaprajhapii ( ), Anuyogadvara 

(sutra 12,7), Jivasamasa (v. 113-115) etc., we find names for some 
of the notational places^ up to the 194th as under:— 

PmvangaXF-aw^rigd), {2) PuvvaiTutyd), (3) Tudiyanga 
(Trutitanga), (4) Tudiya (Trutita), (5) Adadafiga (Adadahga), 
(6) Adada (Adada), (7) Avavanga (Avavanga), (8) Avava 
(Avava), (g) P/zdzuanga (Hnhukaiiga), (10) Iluhiia (Huhuka), 
(ii) Uppalanga (Utpalaiiga), (12) Uppala (Utpala), (13) 
Paumanga (Padmanga), (14) Pauma (Padma), (15) Nalinanga 
(Nalinanga), (16) (Nalina), (17) Acchaniuranga (Arthani- 

puranga), (18) Acchaniura (Arthanipura), (19) Ayuaiiga 
(Ayutanga), (20) Ayua {Ay nta), (21) Naynaiiga (Nayutanga), 
(22) Nayua (Nayuta), (23) Payutanga (Prayutanga), (24) Payuta 
(Prayuta), (25) Culiyanga (Culikanga), (26) Culiya (Culika), 
(27) Stsapaheliyanga (S'ir§aprahelikanga) and (28) Sisapaheliya 
(S'ir§aprahelika).® 


Here Purva stands for 75600000000000 years. This is 
indicated in the following verse quoted by Abhayadeva Sfiri 
in his commentary (p. 87“) to Sthananga (s. 95):— ■ 


“Sssr^ ^ 

“sr II”® 


1 Strictly speaking, these are names for different measures for a number 
of years. 

2 While commenting upon (sutra 84), Abhayadeva Suri quotes 

th.e following verses 

^ II t II, 

^ ^ I ■ 

S Sanskrit rendering : — , - . : 
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The Purva as well as each one of the sucGeeding notational, 
places up to S'lrsaprahelikd is 84 lacs times the immediately 
preceeding one,^ S^irsapyahelikd being hence equal to (84 
lacs)^* years. This is suggested in the karaTiagdthd 

quoted in this very commentary on p. 87*:— 

This subject about notational places is treated by UmSsvSti, 
too, in his svopajha bhasya of Tattvdrthadhigamasutra (IV, 
15, p. 292). He mentions there the names as under:— 

(i) Ayuta, {2) Kamala, (3) Nalina, {^) Kumuday (5) Tutya, 
(6) Adada, (7) Avava, (8) Pbaka, 'dnd {<p) Huhu. It may be 
noted that this enumeration of these notational places does not 
tally with the one mentioned above. 

This discordance is noted by Siddhasena Gani while com- 
menting upon this There he makes two observations 

(on pp. 293-294) as under; — 

(1) This is not the order as found in the Agamas like 
Suryaprajnaptu 

(2) It only refers to a few notational places, the complete 
list being as under:— 

(1) Tutyanga, (2) Tutika, (3) Adadanga, (4) Adada, (5) Ava. 
i>anga, (6) Avava, (7) Huhvanga, (8) Uuhuka, (9) Utpaldnga, 
(10) Utpala, (ii) Padmanga, (12) Padma, (13) Nalindnga, (14) 
Nalina, {1$) Arthaniyuranga, {iS) Arthaniyitra, {ij) CuKkdnga, 
(18) Ciilika, (19) S'lrsaprahelikdnga and {20) S' trsaprahelika. 
From this list it appears that either some names have been 
left out in the Mss. utilized by me for the printed edition or 
that Siddhasena Ga^i has dropped six names from Ayuta to 
Prayuta. 

Jyoiishayatidaka strikes altogether a different note in 

1 This remark is made in, as under 

“ssiTiwr n’l^nw’T 301^ v©” 

2 Sanskrit rendering : — 

gOT Hfdci'R IH nvfWfdhrf srr J t' fe' y raiinm il 
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this connection ; for, according to it (v. 64-71) S'lrsapraheltka 
is the name of the 250th place and not of the 194th place. 
Moreover, even the names of most of the notational places after 
PTirva are different from those which are mentioned above and 
which are recorded in works codified at the Mathura council. 
In order that this remark may be substantiated, the names are 
mentioned as below: — 

(i) Puvva (Piirva), (2) Layanga (Latafiga), (3) (Lata), 
(4) Mahalayanga (Mahalatahga), (5) Mahalaya (Mahalataj, (GjNali- 
«(a:n^a(Nalinan.ga), (7) iV<3:/2«a(Nalina), (8) (Maha- 

nalinanga), (9) Mahanalma (Mahanalina), (10) Paumahga (Pad- 
manga), ill) Pauma (Padma), (12) MaMpatimanga (Mahapad- 
manga), (12,} MaMpauma (Maha^adma), (14) J^amalanga (Kama- 
langa), (15) (Kamala), {i(>) Mahakmnalahga (Mahakama- 

langa), (17) Mahakamala (Mahakamala), (18) Kumuymiga (Ku- 
mudaiiga), (19) Kumiiya (Kumuda), (20) Mahakumuyahga 
(Mahakumudanga), (21) Mahakumuya (Mahakumuda), (22) Tu- 
(Trutitafiga), (23) Tudiya (Trutita), (24) Mahatudi- 
yanga (Mahatrutitafiga), (25) Mahatudiya (Mahatrutita), (26) 
Adadanga XAdadanga), {2'j)Adada{hdada), (2^) Mahadadanga 
(Mahadadanga), (29) Mahadada (Mahadada), (30) Uhanga (Uha- 
figa), (31) Uha (Uha), (32) Mahauhahga (Mahohanga), (33) 
Mdhauha (Mahoha), (34) Stsapaheliyahga (S'lrsaprahelikanga) 
and (35) (S'irsaprahelika). 

Each of these represents a number equal to 84 lacs times 
the preceding ; consequently S’zrsaprahelika stands for (84 
lacs)®® years, and not for (84 lacs)®* years. Expressed in 
numbers it is equal to 18795517955011259541900969981343077- 
0797465494261977476572573467186816x10^®® years.^ 

lattvartharajavartika 149), a lucid commentary of 
Akalanka on TaUvartkadhigamasuira ( III, 38® ) furnishes 
us with the following names, each indicating a number equal to 
84 lacs times the preceeding one: — 


1 See Mahopadhyaya VinayavijayaGanfs (pt. Ill, Kalaloha^ 

pp, 410), the encyclopaedia of Jainism. 

2 This is according to the Digamhara school; for, according to the S^vetam* 
bar as the number of this sutra is 17 th, 
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(i) JRirvanga, (2) Purva^ {2) Nayutanga, Nayuta^ Ku- 
mudanga^ (6) Kumuda^ (7) Podmangay (8) Padma, (9) Nah'- 
nMga, (10) Nalim, (ii) Kamalangay (12) Kamala, (13) Tidyanga^ 
(14) Ttitya, (15) Atatangay (l6) Atatay (17) Amamangay (18) 
Amama, (19) Huhuangay (20) Huhuy (21) Latangay (22) Lata 
and {2'i) Mahalaia. Some names seem to be omitted in this 
printed edition. For, a Digambara work Trailokyadipaka of 
which there is a MS. No. 603 of the Govt. Collection of 1875- 
76 deposited at the Bhandarkar O. R. Institute, we have the 
following names after — 

and 

In Ahhidharmakoi a III, 94 of Vasubahdhu we have as 
the first word of this verse. While explaining it Tripitakacarya 
Rahula Sahkrtyayana makes the following observation in his 
commentary Nalandika by name: — 





I 


( ^0,000 cT- 

- Si ^-TTo-^»T-?To- - 

^^:«TO'5To-^-jro-v3PTra'(^5r)-JTo-’ii%-?ro-1%T^^-iTo-g5r-Tro- 


Before another topic is taken up, I may say a few words 
about the Jaina v^^y of writing the numerals. At present they 
are written as shown below: — 


^5 Uj Hj 9} Cj 

As early as the 4th century or so before the Ghristian era 
we find in several agamasp a list of the names of 18 lipis 
(written characters). Herein are mentioned ankalipi and 
gat}italipt. Dr. B. Datta- mentions that these two names 
suggest that the forms of numerals used for different purposes 


1 See (1) Samavaya (2) Fmjndpandsuty^a ( sutra 37) of 

S'yamacarya (376 A. Y,), (3) Avas'yakaniryukti (UpoclfhatmiiryuJcti) and (4) 
Maladharin Hemaeandra’s commentary to Vw'emvas^yakalhdsya (y. 464). 
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.were difierent, ttie former referring to those .used in engraving 
and the latter^ to those .used in ordinary writing.^ •• 

' - Place-value system of Decimal NotatIost' 

It appears that India has been the birth-place of various 
numerical notations. Out of them, the one in which there are 
used only ten symbols, is of considerable importance. In this 
notation nine symbols represent numbers one to nine, and the 
tenth, zero. The former nine symbols are designated as ankc^ and 
the latter viz;, the zero-symbol as s'unya? ■ This notation with a 
decimal scale goes by the name of “place-value system of decimal 
notation” or “the decimal place-value system”, and is adopted 
throughout the civilized world, since the application of the 
principle of this place- value is both sufficient and efficient 
to enable one not only to write any number whatsoever but to 
write it in the simplest way possible. 

That this place- value system of decimal notation* was 
known in India several centuries before the dawn of Christianity 
can be deduced from the following particulars: — ;• 

1 In this connection he has added that in the Jaina literature, as also 
in the Vedic literature, -we ordinarily find that a distinction is made between 
forms of alphabets used in engravings and in Mss., which are respectively styled 
by the Jaina$ as Kaathalca'rma or wood-work and Pusiaka-karma or book-work. 
He has substantiated his statement by referring to the 10th and 146th sutras of 
Anuyogadvara as well as Maladharin Hemacandra Surfs commentary on the 
former. I may add that Hemafcandra has interpreted poUha as (1) pofa, 

pusiaka and (S) tadapatradi: Furthermore, the -word pusia occurs also in 
the bhasga on TaUmrthadhi'gamasutra (I. 5), and is explained onp. 46 by 
Siddhasena' Gani as It also' occurs in the hJidsya on VI, 

10 and is explained in the tlkd on p. 21. On p. 78 of this rerjVika ( VII. 11)^ 
the word is used. ■ • ' ' ' 

2-3 These literally, mean “a mark”, and “empty” respectively. 

, 4 In Jinabhadra Ganfs 7iB’eaavas'y(^hhSsya (v. 704), a gdfkd ot thd 

Avaa'yakanwyukti of Bhadrabahu is quoted as under:— 

What is the true radical significance of the -wardthibuga and in what sense 
has it been employed in the above passage? The commentator Hemacandra' 
Suri is of opinion, tlmt it signifies “bindu”. Dr. Hatta asks me a question: 
“Is it then the ‘zero’ of the decimal numeral notation ? If so, it will have 
to be admitted that the modern decimal place-value notation was . known in 
India in the 4th century bofpre tha C-hyistian'^a.’!, . \ . . 
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(1) In the 142nd sfltra of AmiyogadvSra there is a 
reference to sthana {thdnehim) or places of decimal notation. 

(2) A denominational name like kotako^ {kod^akodi) is 
mentioned in this sutra as indicating its connection with places 
of numerations. 

(3) A very big number extending to 29 places i, e. to say 
a number consisting of 99 digits is here referred to as we 
shall shortly notice. 

(4) Vymaharasutra, {udd^s'aka I) furnishes us with a term 
gqtianasthdm for place of calculation, So says Dr, Datta. 

The word-symbol notation 

A notation in which any word conveying the idea 
of a number is used is called a ‘word-symbol notation’. This 
notation has not only been extremely well-hnown in India from 
ancient times but has also been extra-ordinarily popular.* The 
Jaina writers, too, have utilized it in their works,® the foremost, 

1 In ‘‘Indian Mathematics” by G, E, ?]aye, it is mentioned on p, 31 
that this notation was introduced (into India) about the ninth century, 
possibly from the east. 

Mr, Eangaoharya M. A, has stated in his preface to “The Ganttasara- 
sahgraha of Mahaviracarya” thi^t “there is evidence in his (Aryabhatta's) 
writings to show that he was familiar with nominal numerical...* •.Similar }y in 
Brahmagupt^'’^ writings also there is evidence to show that he was acquainted 
with the use of nominal numbers and tb® dccipaal system of notation,” 

My friend Dr. p^tte just infoirmii th^ he has written iu Penghu 
severnl §rtiple^ cpnnepted with this topic, which ha<ve appeared in the 
Bahgiya 9.|hhbya Pari^^^d Patriha. For iniltano©? ‘^Jaina'-.sahitye npiina-sainkhya” 
in B. S. P, P. 1337 B. S, pp. 3840; ‘mm%samkhya% ibid, 1.337 B, S. pp. 
7r-27 ; ‘Jg^bda-samkbya PrapHi,” ibid-, 133*5 B, S, A. 0,), pp. 840; 

“Aksara-saihkhya Pranali”, ibid., 1336 B. S. pp. 23-50; and “Ahkanarh vamato 
gatih”, ibid., 1337 B, S. pp. 7-30, 

2 Amongst the Digambara writers iNemicandra (eir, 10th century) well- 
known as ‘^Siddhantacakravartin” and author of &ommatasara^ Tfilohmam 
and Lahdhisara^ has employed both ihe right-ward and Mt-ward moves while 
employing various numeric^?! netations. In T'l^^ohmara {gdtha 21), the 

mmhev 197, 9^,002,999, 680, 000, 000,000, 000, 000, 000, 000,090, 00 is men. 

tioned by th« right-ward nieve as under 



In gMhdi SIS of the same work, he, however, mentions by the left- ward 
move, the number 7905694150 as 
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definitely known at present being Jinabhadra Gani K§aml- 
s'ramana.^ A list of words signifying different numbers is 
given in the appendix.® 

Classifications of numbees 

As was the case with early Greeks, the Jaina school, too, 
does not consider one' as a number. This Will be evident from 
the following line of the t46th SUtra of Atiuyogadvara:—^ 

^ tci^ smimT sr 3%, 

While explaining this portion Maladharin Hemacandra remarks 
as under:-^ 

When an object like a pot is seen, what one realises is only 
a pot and not its number; or, he adds, it may be due to the fact 
that in ordinary dealings only one thing, if given or taken, is 
mostly not taken into account. Thus the Jainas begin with two 
and end, of course, with the highest possible type of infinity. 
All these numbers can be grouped under 21 heads. These 
we shall deal with, a little bit later. For the present we shall 
mention 4 types referred tO in the 516th sfitra of Sthafidkga. 

The four types of numbers 

Even, in the time of the Vedas, We find the distinction 
made between odd and even nurribers. These are styled as 
ojas and yugma (gwjf) in Jainism.^ Furthermore, it is 

interesting to note that they are associated with hfta^ dvS.pafa, 
tretd and kali, the well-known names for the four yugas of 

That he uses contrary moves even while expressing numbers by resorting 
to Katapayadi system in its second variant is borne out by Gommatasara (Jiva* 
k§.pda, V. 158) and Trilohmara ( 98 )• 

1 See Bfhatksetrusamam I. 69* 

2 While representing various numerical quantities by certain things^ 
S'ripati has invariably followed the decimal system of notation. The words 
used by him are marked With an asterisk. 

3 Sanskrit rendering : — 

3TSI ^ BT ?' V# I 

4 In the following verse of Dm^ugltika of Aryabhata I (499 ) mfgm means 
««odd’^ and avargm means «‘even”: — 

^ ^ 11 ” 

tn later ’trorke the words visama mil i 6 iiia for Mkt 
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the Vaidiki Hindus/ To put it plainly, I shall quote from 


Here/^^wwa means a kind ofV( 5 s'z' On a quaternity being 
deducted from a ms% it may either end in 4, 3, 2, or i., . These 
are, respectively called kriayugma, tryojas, dvaparayugma, and 
kalyojas} This seems to suggest that the numbers can be 
classified as 4m+4, 4m+3, 4m+2, and 4m+i. 

Odd and even powers 


In UttarMhyayanasutra 10, ii) we find for 

the 2nd, the 3rd, the 4th, the 6th, and the 12th powers, 
distinct names viz., varga, ghanay varga-varga, ghana-varga and 
ghana-vavga-varga. I do not know, if any canonical work 
mentions names for the 5th, 7th, iithand other odd powers. 
Anuyogadvara (sutra 142) deals with successive squares and 
square-roots. To put it explicitly, it means that the ist 
square of a stands for (<2)*; the 2nd, for i.e. a*; the 3rd, 


for i. e. a^] and so on, the ^th standing for 

i. 

Similarly the ist sq. root of <2 means the 2nd sq. 


1 

n 


root its sq. root or and thus the nth sq. root <2^* 

In this sutra we find references to the ist sq. root multi- 
plied by the 2nd. sq. root®, the. cube of the 2nd sq. foot®, 
the 1st sq. foot multiplied by the 3rd sq. root,* the 2nd sq. 
root multiplied by the 3rd sq. root® and the cube of the 

third sq. root®. These can be symbolically represented as 
“ 1 1 ■ i s 1 i 1 1 ' 3 

a^X(2^, (a*) , (2^x«®, /2^xa® and (<2®) respectively. I think this 


1 Sanskrit rendering: — 

' 2 This is' ho-w- it is” explained on p. 238 by Abhayadeva Suri in his 

commentary to ‘ ' " “ 

3 a raised to 3 x 2x2x2,., n times. 

4 a raised to I x | x ...n times. 
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will suffice to convince a reader that two fundamental laws of 
indices viz. and ''^h®te ?;? and « may 

be integral or fractional were well-known to the jaina saintf. . 

That Nemicandra, the author of Trilokasara knew these 
fundamental operations of indices can be • inferred from the 
105-108 of the Same work. For, therein he mentions 
the following rules respectively ;— ' 

(1) The addition of the ardhaccheda^ oi the multiplier and 
that of the multiplicand is t)xQ ardhaccheda of the product, arid 
that it has no more 

(2) The subtraction of the ardhaccheda of the divisior from 
that of the dividend is t\iQ ardhaccheda of the quotient. . 

(3) The product of the distributed number and the ardha^r 

ccheda of the substituted nwaxh^x th.Q ardhaccheda^^.oi 

the resulting number. 

(4) The addition of the ardhaccheda of the distributed 
number and that of the substituted number is the vargad aldkd 
of the resulting number. 

14 KINDS OF SERIES® 

From Trilokasara (gathds 53-66 and 77-88) we learn about 
the following 14 kinds of series or dharad, each type dealing 
with some special numbers:— 

(1) Sana. This is an A; P. with i as the ist term and i as 

the common difference. Thus this series consists of natural 
nunibers, say up to tJ. ; . 

(2) Santa. This series consists of even numbers. (No. of 

terms S or |). , ' 

(3) Visama. This series^ consists of odd numbers (No. of 

terms I or , , ,, 

1 This is a technical term, and means ? a number of times dr particular 

uumber can be halved. Thus if x •= 2*’^ then n is called the ardhaccheda of as". 
This will remind one of the fact that if = w, x is called the logarithm of m to 
the base a. - ' - . 

2 For an exhaustive treatment Nemicandra asks his readers of Trlldkmdra 

(^gathd 91) to refer to VrhaddhdrSparikarman. Is this a -work? If so, un- 
fortunately this work seems to be extinct. . 

3 ; This subject is dealt with in Appendix C in "The Jaiina Gem Dictionary”' 

(pp. 149-152). - 
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(4) Kfii=i, 4, 9, 16 etc., up to the last square number. 

(5) Akrtt=2, 3, S, 6, *} etc. This series is got by subtracting 
Kfti hovsx Sarva. 

(6) Ghana^i, 8, 27,- 64, etc. up to the last cubic number 
say V before U. 

(7) Agkana =2 to 7, 9 to 26, 38 to 63 etc. This series is 
obtained by subtracting Ghana from Sana. 

(8) Krtimdtrka (or vargamdtfkd)-i, 2, 3, etc., No. of terms 
being Vu. This means a series having the sq. roots of Krti terms. 

(9) Akrtimdtrkd=i{Vv-\-i), (Vu+2), (Vxj+3) up to U; the 
No. of terms being U-W. This series deals with terms of 
Which the sq. root is irrational. 

(10) GhanamdtrkS,=i, 2, Up to the cube root of the last 
cUMc nUfiiber.' This series is coftCerned with those numbers 
iu of which cube root is rational. 

(11) Aghanamdtrkd. This series consists Of teriiis in Sarva 
of which the cube root is irrational. 

(13) Dl}ivupa.v(iy^a=2^ (2*)®, its Square, its square and so 
on. The 4th, 5th and the 6th terms of this Series are called 
'wwfl, and arid stand for 2^® or 65536, 2®® or (65536)® or 
4294967296 and 2®* or (4294967296)® or i84467440737©955i6i6. 
This is due to the fact that 'wwll, and are abbreviations 
of sjoorsi^ and a quota- 

tion^ given in Madhavacandra’s vrtti (p. 28) on the 66th gathd 
of TfUokasUra. 

(13) DDirupa-ghana^i^, its square, its square etc. i. e. to say 
a series® having for its first term 2® and for its successive terms 
the squares of the immediately preceeding. 

(14) Dvirupa-ghandghana. This is a series^ Of which the 
first term is the cube of 2® and each succeeding term is the 
square of its predecessor. 

The above treatment of series may be at least taken to be 
a fough Indicator of the knowlegge of indices possessed by 
the JdiM^ in ariciefit times. 

1 Thijs runs as under {— 

w w w w ^ I 

goof OT^ tfor ifig q- ^ II” 

2-3 Itese are respectirely styled as Qhanii Ghmu and Ghma Ghmici-^ 
m JtMny Ka Jahtet Gem iSietmuafy" car p, 145. 
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Now a few words about tbeir knowledge of the geometrioai 
progression. 

In Trilokasara {gatM 231), the rule for the summation of 
this series is mentioned. For examples see the vrtti of its 
gUh^s 796 and 797. 

GunaJiani^ is a term of the geometrically decreasing sgrieg, 
the sum of the number of terms of which is the number of 
molecules of a unit of bondage, and each term in which is half of 
the term immediately preceeding it. For example, if the maxi- 
mum number of molecules which the soul draws in to bind itself 
with, in one instant be 6300, and the duration of their bond- 
age be 48 samayas and there be 6 gunahanis or terms in the 
geometrie series, then the number of the molecules shed in the 6 
gunahanis will be respectively 3?P0, 1690, 800, 400, 300, and too. 

Here in each gmiahani there are ^-=8 samayas. This is 
called gtinahani ayama^ i. e. the duration of the gunahani, 

The whole series of guf^ahanis u called namgitnahani^ . 

The number 2 raised to the power of the number of 
gunahani in the nanagunahani is called anyonyabhyasta rUsH. 
In the above example it is=2®=64. 

One samayci-pr^h&ddha or unit of bondage divided by 
anyonyabhyasta ras'i minus one, g:ives the number of molecules 

shed in the last or antima gunahUni. Here m^x=-^=ioo is 
the last gun^ahSni, 

The double of the number of gwyahUni ayamct is 

kahara> Here it is=8x2=i6. 

Chmya is the regular arithmetical difference between any 
two copsecutiFe terms of the series which represents the 
karmiha. molecules shed in each successive samaya of which 
each gunahani consists. In the above example in the gunahani 
of 8 samayas^ 3200 molecules are shed. In the firgt samaya 
more are shed than in the second, in the second more than in 
the third and so on. The number of molecules by which the 

1 This entire topic of gn^&ni etc., Is h«c'e jrepodaoect f rom 

“The Jaina Gem Pictiojiary’' ( ^ h - - ; . 1 
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shfidding is less-iii:,. eyery .succefiding instant is. called, 

In the above example it is found as follows _ . 

. We find the first term of the series and divide it bjT^^^iS- 
(here 1 6)^ The first term is found as follows:— - 


Guidabani molecules X 4 
3 X Gunahani ayilmas+ 1 • Xi-Crc tilG 

■ - -Isfeterm ’ ■ _i'S12 _53:2— - " 

..cnaya=< 5 jj^„j Syama“^= 10=32 • 


1st 


term= 


3200x4 3200 x4 
X3x8)+1“ 25 -5*2, • 


That is, in the rst S^samayas of the ist gunahani, th^ 
number of molecules shed will be respectively 512, 480, 448, 
384> 352, 320,. and 288. . . 


The chayS for each succeeding gunahani will be half of the 
one immediately 'preceieding it. As the number of molecules 
in each gunahani is half of that of its immediate - predecessor, 
its chaya is also half the of its predecessor. -• 


As an example of an increasing series, the reader may be 
referred to the quantity, of ink required for writing the fourteen 
purvas. The quantity of ink which can just immerse an elephant 
is necessary for writing^ the istpurm. Double this quantity 
is required to write the second and so on\ so that the quantity 
of ink necessary for writing the ■14th is 2^® times what is 
required for writing the ist. Thus on the whole, the total 
quantity of ink which will just suffice for writing all the purvas 
is sufficient to immerse 1+2+2®+. ..up to 2^® i. e. 16383 elephants,® 


The HUMAN POPULATION 


I may now take up the question about the number of 
human beings dealt with in Anuyogadvara (sutra 142), since it 
is connected with'the indices -and classifications of numbers. 


As stated therein the minimum number of human 

beings at any time is what can be calculated in -terms eiM’t&hoti. 
It consists of 29 digits and is more ^^ntriyamalapadc^ less 
than -caturyamalapadct i. e. to say it- lies between triyamalapado^ 


' 1 Compare , the dvigi:m>> . occurring ia the .25th BrahmarjM of 

S&ma'Veda. 

2 For details see my “Descriptive Catalogue of Jaina Manuscripts” vol, 

XYn,pt.II;lTo. 523. . ' 

; . .5;A.triad of j^amaZopa^faj-or thfir tertiaiy. . . 

4 A quarternian of y«JM£t?»pa(f(is xjr.their 4 \iartefnity, . , 
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and caturyamalapada. To be quite exact it is equal to the 
sixth successive square (of two^) multiplied by the fifth 
successive square (of two) or a number which can be divided 
(by two) 96 times. 

Yamalapada is a technical term capable of signifying two 
things: (1) a group of eight notational places and (2) the second 
successive square. According to the first interpretation it inclu- 
des all numbers consisting of 8 digits. On this basis dviyamala- 
pada, triyamalapada and caturyamalapada etc,, signify groups of 
numbers consisting of digits 16, 24, 32 etc. respectively. Hence 
the numbers between triyamalapada caturyamalapada 
consist of digits more than 24 and less than 32, The product 
of 2®* (the 6th successive square of 2) and 2®^ (the 5th succes- 
sive square of 2) is 2®®.® It consists of 29 digits and is divisible 
(by two) 96 times.® 

The second interpretation of means the 2nd suc- 
cessive square or 2^ triyamalapada means the 6th 

successive square or 2®* and caturyamalapada, 8th successive 
square or 2*®®. 2®® is certainly between these two. So either 
interpretation holds good. 

21 KINDS OF NUMBERS 

As noted on p. xxiii, unity is outside the sphere of calcula- 
tion. Numbers fit for cdlcvloxion {gananasankhya) begin with 2, 
and go up to the highest possible infinity. They are classified 
under three groups: (i) sankhyata (numerable®”), (2) asankhyata 
(innumerable®) and (3) ananta (infinite®). The first group has 
three subdivisions viz,, jaghanya (lowest), madhyamdl (inter- 
mediate) and utkrsta (highest). The second group has three 
main divisions viz., (i) paritia, {2) yukta Sixid. (3) asankhyata, 
each of which is again of three types known as (i) jaghanya, 
(2) madhyama and (3) utkrsta. Thus in all, the second group 

1 The reason of selecting two is given fcy Maladharin Hemacandra in 
the mttl of Anuyoga&oara (p. 207^) as under 

2 It is equal to 79,228, 162, 514, 264, 337, 693, 643, 950, 336. 

3 Technically speaking, it means a number having 96 ardhacchedas^ as the 
latter signifies the number of times, a given number can be halved. 

4-6 This is only a rough rendering, 

7 This is also styled as ajaghanyothmta. 

■ ' cr ' ' 
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has 9 divisions. The third group, too, has the same number 
of divisions; for, firstly ananta has three divisons viz., (i) paritta, 
(2) yukia and (3) ananta, and secondly each of these three has 
three subdivisions viz., ( i ) jaghanya, ( 2 ) madhyama and (3) 
uikrsta. All these 3+9+9 i. e. 21 classes of numbers can be 
hence represented as under : — 

Ga?janasahkhya 


Sahkhyata Asankhyata Ananta 


. (i) Jaghayna, (i) Paritta — j.m.u.^ (i) Paritta— j.m.u. 

(2) Madhyama, (2) Yukta — j.M.u. (2) Yukta — ^j.m,u. 

(3) Utkrsta (3) Asankhyata — j.m.u. (3) Ananta. — ^j.m.u. 

The number 2 is th.Q jaghanya-sankhyata. The number 3 
and the following up to one proceeding the utkrsta-sankhyata 
come under the class known as madhyama-sankhyata. Utkrsta-, 
sankkyata is explained by means of an example as under : — 

Suppose we have four palyas each of the size of the 
Jambiidvipa whose diameter is 100,000 yojanas, whose 
circumference is 316, 227 yojanas, 3 gavyutis, 128 dhanusyas, 
13I akgulas and a little more, whose depth is 1000 yojanas, 
which has a jagafi 8 yojanas in heig^ht and a vedika, two yojanas 
in height. 

Out of these four palyas named as anavasthita, s’alaka, 
pratis' alaka and mahas' alaka let us fill the first with white 
mustard seeds, and then start throwing one seed out of 
them in Jambudvipa, another in Lavanasamudra and so 
on in the successive dvtpas and samudras of the Jaina 
cosmography. When all the seeds ai'e exhausted, let us 
construct another palya having its diameter equal to that of the 
dmpa or samudra where the last seed was thrown. This palya, 
too, must be of the same depth and height as the anavasthita 
palya. Let this newly construoted palya be also named as 
anavasthita. Let us fill this with seeds as before and start 
once more throwing a seed in dmpas and samudras till this 
palya becomes empty. Let us throw one seed in s' alaka thi^ 

1 J, M and U stand for jaghanya, madhyama and utkr^a respectively. 
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time' with a view to note that became empty. Once 

more we should now construct a.ntwpalya having depth and 
height as before but having its diameter equal to the dvipa or 
samudra where the last seed was thrown. Let us fill this 
palya again named as anavasthita and start throwing seeds as 
before. When this gets emptied, a seed is to be thrown in 
s'alaka. When this process is repeated for a number of times, 
it will so happen that ialaka will be completely full. At this 
stage we should again construct a palya as before and fill 
it up with seeds. Then we should commence throwing seeds 
from s'alaka till it gets emptied. This time we should throw one 
seed in pratis'alaka znd throwing seeds itova anavasthita . 

When this process is repeated several times, s’alaka will become 
full. Then this palya should be emptied as before and to mark 
that stage one seed must be thrown in pratis' alaka. In course 
of time, this process when repeated, will fill up pratis' alaka. 
We should then start throwing seeds from it till it becomes 
empty and to note that stage, we should throw one seed in 
mahapratis' alaka. Let us then start emptying s'alaka w’-hich 
has been already filled up with seeds by this time. When it 
becomes empty, a seed is to be thrown in pratis' alaka, and the 
process of emptying anavasthita, throwing one seed in s'alaka, 
constructing a new anavasthita etc. is to be repeated till 
all the four palyas including the anavasthita finally constructed 
get filled up with seeds. On this stage being reached, we 
should make a heap of seeds of these four palyas and add 
to it all the seeds thrown in various dvlpas and samudras. 
When this work is over, let us count the number of the seeds. 
When one is deducted from the number thus obtained, the 
remaining number is spoken of as utkrsta-sankliyata. This 
utkrsta-sankhyaia number of the early Jamas may be compared 
with what is called “Alef-zero” in modern Mathematics. This 
number is explained in “The theory of functions of a real 
variable and the theory of Fourier’s Series” by E. W. Hobson 
Sc. D., F. R. S. (A. D. 1907, p. 154), as under: — 

1 According to Hemaeandra Sflri’s commentary (p. 236) on Anuyogadara 
one seed vas thrown even earlier. What is stated here is, however, in accor- 
dance with LokapraTtas'a (I, 140). 



Sx2tn 


INTBODUCTIOli 


“The cardinal number^ of the aggregate of all the finite 
integers i, 2, 3,.. ...... .n, is called Alef-zero, and is denoted 

by x/; thusXo= { 5}. The number x„ is identical with the 
number which has been previously denoted by a”. 

By adding unity to the (the highest 

numerable), jaghanya-paritta-asankhyata (the lowest nearly 
innumerable) is obtained. Then follow the intermediate numbers 
which form the class known as madhyama.paritta-asakkhyU,ta 
until utkrsta-paritta-asankhyata (the highest nearly innume- 
rable) is reached. Which is this ‘highest nearly innumerable’ ? 
The answer is as under:— 

Jaghanya-paritta-asankhyata multiplied by itself not only 
once but jaghanya-paritta-asankhyata times,® leads to a number 
csWQAjaghanya-yukta-asankhyata*'. This number diminished by 
oxiQ gOQ% hy t\iQmL.mQ oi utkrsta-paritta-asankhyata. 

Numbers between jaghanya-yukta-asankhyaia and utkrsta- 
yukta-asankhyata form the class known as madhyama-yukta- 
asankhyata. 

Jaghanya-yukta-asankhyata multiplied by itself jaghanya- 
yukta-asankhyata times gives us a number styled as jaghanya- 
asankhyata-asankhydta. This number diminished by one is 
utkrsta-yukta-asahkhydta. 

J aghanya-asankhydta-asahkhydta when multiplied by itself 
jaghanya-asankhydta-asahkhydta times gives rise to jaghanya- 
paritta-ananta. This number diminished by one is utkista- 
asankhydta-asankhydia. 

Jaghanya-haritta-ananta multiplied by itself jaghanya- 
paritta-ananta times comes to jaghanya-yukta-ananta. This 
number diminished by one is utkrsia.paritta-ananta, 

Jaghanya-yukta-ananta multiplied by it’&eli jaghanya-yukta- 
ananta times leads to jaghanya-ananta-ananta. This number 
dimished by one is utkrsta-yukta-ananta. 

1. “A cardinal number is characteristic of a class of equivalent aggregates”. 
It is so defined on p. 8 in “The Theory of functions of a real variable and the 
theory of Fourier’s series” ( p. 8 ) above referred to. 

2 “The cardinal number x. is greater than all the finite cardinal numbers 
and it is less than any other transfinite cardinal number” (Ibid., p. 155). 

3 This is called abhyma oi jaghanya-paritta-asankhyata ; for, abhyasa 
means a number raised to itself e. g. the abhyasa of x is x^. 

4 This is equal to the number of samayas in one avali. 
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All numbers beyond jaghanya.anania-ananta come under 
the class known as madhyama-ananta-anantay for, according to 
the canonical works there is nothing like utkrsta.ananta.ananta. 

The Karma.gr anthas to the definition of jaghanya. 

yukta-asankhyata. Thereafter they differ as under: — 

Jagkanya-yukta-asankkyaia multiplied by itself and then 
diminished by unity gives uikrsta.yukta-asankhyata. The addition 
of one to this number givQsjaghanya-asankhyata-asahkhyaia. 

Find out the square of thh jaghanya-asankhya-asankhyatay 
then its square and again its square/ Add to this number lo 
particular® asankhyatas. This resulting number is to be squared 
and then this process is to be repeated twice. The result thus 
arrived at, \% jaghanya-paritta-ananta. This number diminished 
by unity is uthrsta-asankhyata-asankhyata. 

The abhyasa oijaghanya-paritta.ananta IS equal to jaghanya. 
ynkta.ananta. This number which corresponds to the number 
of the abhavyas, when diminished by unity equals utkrsta. 
paritta.ananta. 

The square of jaghanya.yukta.ananta comes to jaghanya- 
ananta-ananta. This number diminished by one is utkrsia- 
yukta-anania. 

Find out the square of the jaghanya.ananta.ananta, 
then find out its square and then find out the square of this 
resulting number. Add to this number finally obtained, six 
^axticvLlzx^ anantas. The number thus got is to be squared. This 
resulting number is also to be squared. Repeat this process 
once more. Then the number arrived at, gives us utkrsta- 
ananta.ananta., when the ananta paryayas of kevala-jhana and 
those of Mvala-dars' ana are added to it. 

1 TMs is in short, the eighth power Kii jmghanya’asanhhydta-asanhhydta, 

2 They are: (Hv) The prade/m of {a) lohdhds'a^ (b) of dharmdstihdya^ 

(c) of and (c?) of a soul, adhyavasayasthdnas of sthiti^ 

handha and aQiuhhdga, (vii) indivisible parts of mental, vocal and physical 
yogas, (viii) the samayas of hdlaeahra, (ix) pratyeha'jvoas and (x) the bodies of 
the anantakdyas. Here, everywhere ‘number* is understood. 

3 They are: — (i) the number of the ^anaspatihdyas, (ii) the number of the 
nigodas, (iii) the number of the liberated, (iv) the number of the paramdTpus, 

(v) the number of the of the time ( past, present and future) and 

(vi) the number of the pmdes^m of dlokdkds'an 
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Dr. Datta has treated this subject in his article “The Jaina 
School of Mathematics”^ (pp. 141-142) as under:— 

“Consider a certain trough which is of the size of the 
Jambudvipa whose diameter is 100,000 jyq/owiass, and whose cir- 
cumference is 316, 227 yojanaSi% gavyuti, 128 dhanus, angula 
and a little more. Fill it up with white mustard seeds counting 
them one after another. Continue in this way to fill up with 
mustard seeds other troughs of the sizes of the various lands 
and seas of the Jain cosmography. Still it is difficult to 
reach the highest number amongst the numerables. So the 
highest numerable number of the early Jainas corresponds to 
what is called Alef-zero in modern mathematics. For numbers 
beyond that Anuyoga-dvara-sutra further proceeds: 

By adding unity to the higest ‘numerable’, the lowest 
‘nearly innumerable’ is obtained. After that are the intermediate 
numbers until the highest ‘nearly innumerable’ is reached. 
Which is the highest ‘nearly innumerable’? 

The lowest ‘nearly innumerable’ number multiplied 
by the lowest ‘nearly innumerable’ number and then 
diminished by unity will give the highest ‘nearly innume- 
rable’ number. Or the lowest ‘truly innumerable’ number 
diminished by unity gives the highest ‘nearly innumera- 
ble’ number. Which is the lowest ‘truly innumerable’ ? 
The lowest ‘truly innumerable’ is obtained by multiplying 
the lowest ‘nearly innumerable’ number by itself ; or by 
adding unity to the ‘highest nearly innumerable’ number. 
This number is also equivalent to Avail. After that are the 
intermediate numbers until the highest ‘truly innumerable’ 
number is reached. Which is* this highest ‘truly innumerable’ 
number? It is_the lowest ‘truly innumerable’ number mul- 
tiplied by the Avail then diminished by unity ; or the lowest 
‘innumerably innumerable’ number decreased by unity. Which 
is the lowest ‘innumerably innumerable’ number ? It is the 
lowest ‘truly innumerable’ multiplied by Avail or the highest 
‘truly innumerable’ number increased by unity: After that, 
are the intermediate numbers until the highest ‘innumerably 

1 See “The Bulletin of the Oalcutta Mathematical Society” v-ol. XXI, 
No. 2, 1929. 
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innumerable’ is reached. Which is the highest ‘innumerably 
innumerable’ number? It is the lowest ‘innumerably innu- 
merable’ number multiplied by itself and then diminished by 
unity, or the lowest ‘nearly infinite’ number diminished by 
unity. Which is the lowest ‘nearly infinite’ number? The 
lowest ‘innumerably innumerable’ number multiplied by itself 
or the highest ‘innumerably innumerable’ increased by unity. 
After that are the intermediate numbers until the highest ‘nearly 
infinite’ is reached. Which is this highest ‘nearly infinite’ 
number ? The lowest ‘nearly infinite’ number multiplied by 
itself and the product decreased by unity ; or the lowest ‘truly 
infinite’ decreased by unity. Which is the lowest ‘truly 
infinite’ nnmber ? The lowest ‘nearly infinite number’ multiplied 
by itself, or the highest ‘nearly infinite’ increased by unity. It 
is also called the Ahhavisiddhi. After that are the intermediates 
until the highest ‘truly infinite’ is obtained. Which is the 
highest ‘truly infinite’ number ? The lowest ‘truly infinite’ 
number multiplied by the Abhavmddhi and diminished by unity 
or the lowest ‘infinitely infinite’ number diminished by unity, 
Which is the lowest ‘infinitely infinite’ number? It is the 
lowest ‘truly infinite’ number multiplied by the Ahhavisiddhi 
number, or the highest ‘truly infinite’ added by unity. After 
that are intermediate numbers. Such are the numbers of 
calculation.” 

He further observes: “It will be easily recognised that the 
above classification can be represented by the following series : 
2...N ) (N+i)...{ (N+i)®-i } 1 (N+i)^..(N+i)^-i } I 

(N+i)"... { (N+i)«-i } 1 (N+i)®...(N+ir- 1 } ^ 

(N+ir.,.{ (N+i)®*-i } I (N+I)®^.. 
where N denotes the highest numerable number as defined 
before. .....The series contains as recorded in the work the 

extreme numbers of each class and the different classes have 
been separated by a vertical line. 

It will be noticed that in the classification of numbers 
stated above there is an attempt to define numbers beyond 
Alef-zero....The fact that an attempt was made in India to 
define such numbers as early as the first century before thp 
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Christian era, speaks highly of the speculative faculties of the 
ancient Jaina Mathematicians.”* 

Different types of infinity 

Infinity can be looked upon as having three types, when 
viewed from the stand-point of the conditions of human beings. 
For instance, a liberated soul will remain in that condition for 
ever; i. e. to say this state is sadi-amnta. The mundane state of 
this soul prior to the attainment of salvation is anadi-santa ; for, 
it was only when the final emancipation was reached that this 
soul bade good-bye to the mundane state binding it from the 
beginningless time. In the case of one who is never to be 
liberated, the mundane state is 

From Sthananga (sutra 462) we learn about the five 
varieties of or infinity, viz. {i) ekato' nania (infinite in 

one direction), (2) dvidhananta in two directions), 

(3) des' avistarananta (infinite in partial expanse), (4) sarva- 
vistUrananta (infinite in entire space) and (5) s'advatananta 
(infinite in eternity). 

Use OF FACTORS FOR Multiplication AND Division 

Over and above these contributions in the Mathematical 
field, Umasvati, who was not only a metaphysician but who also 
appears to have been a Mathematician of the Kusumapura® 
school®, has obliged us by indicating two methods of multipli- 
cation and division.* One of them is the usual method, and 
the other is the method whereby operations are carried on in 
successive stages by factors® and which is hence simpler and 
shorter than the first. 

1 For a treatment of numbers according to the Digamhmra sourceSj the 
reader is referred to the “Jaina Gem Dictionary” (pp. I40-148), 

2 Ancient PaUliputra near modern Patna. 

' 3 The celebrated Bhadrabahu, too, belongs to this school. 

4 See the hhasya on Tatt^arthadhigamasutra (II, 52). 

5 Brahmagupta ( 628 A. D.) has named the multiplication of factors as 
hhedaguTjbana (vide his JBrahmasphufasiddha^ita, XII, 55), and others as vihhd- 
gagunana* S'rldhara (o. 750) has mentioned in his TrWatikd n>s the 9th rulje 
the method of division by factors. These methods went through Arabia to 
Italy, in modern ages and were called mode per repiego^ as we learn from 
“History of Mathematics” (yol.'Il, pp. 101 and 135) by D, E. Smith. 
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Four kinds of pramana (measure) 
AnuyogadvUra (sutra 13 1) mentions four types of prama- 
na, These respectively refer to the four entities viz., (i) 
dravya, (2) ksetra, (3) kala ■&nd. (4) bhdva. Dravyapramana is 
of two kinds: (i) prades'anispanna {2) vibhaganispanna. 
Out of these the former has infinite varieties, while the latter 
has only five viz.^ (i) mana (measure by bulk), (2) tinmana 
(measure by weight), {'p)avamana (linear measure), ganima 

(numerical measure) and (5) pratimana (measure by weight). 
Ganima refers to calculation of numbers beginning with one 
and going up to a crore. 

Mana is divided into two classes viz. (i) dhanya-mana and 
(ii) rasa-mana according as it deals with corn or a liquid sub- 
stance like liquor. Each of these classes and immana, avamana 
and pratimana as well, provide us with tables of measurements 
asunder: — 

I Dhanyamanapramana 


2 asatis^ 

= I prasrti (/asa?) 

„ prasrtis 

= „ setika (sedyd) 

4 setikas 

= ,, kulaka® ( kulad ) 

„ kulakas 

= ,, prastha ( pattha ) 

„ prasthas 

= „ {adhaga) 

„ adhakas 

= „ drona® {dona') 

6o „ 

= „ jaghanya {jahnna) kumbha 

8 o „ 

= „ xaa&ryara.a {majjhima) „ 

lOO „ 

= ,y ntkxsta, (uMosa) „ 

o 

o 

00 

= „ vaha 

IT 

Rasamanapramana 


2 catuhsastikas* = i dvatrims'ika {batilszya') 

1 The Prakrit word for ‘asatf is asaw 

2 This is also known as ‘kudava\ 

3 Those persons like Bharata and Sagara whose body is 108 times their 

own wgula, are said to be pramarpayuMa, They are also said to be manayulcta ; 
for, they will displace one of watei% if they enter a droxpl, a vessel full 

of water. Or if this vessel is wanting in water to the extent of one droTpa, it 
will have its water up to the brim, when such persons enter it. This illustration 
referred to in Anuyogadvarasutra ( sutra 133 ) and explained by Jinadasa 
Gani in his curorpi (p, 52) and by Yakinimahattaradharmasunu Haribhadra Suri 
in his commentary (p, 77) on this sutra, is likely to remind one about the 
principle of Archimedes. 

^ The Prakrit word for ‘catuh^astika’ is caileatthid, . i 
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2 catuh§astikas = ^ mS^iika = 8 |jalas 

„ dvatrims'ikas = i fcdas'ikS [so^asm ) 

= ^ ma^iika = 1 6 palas 

„ sodas'ikSs = i a^tabhagika (attkabkaia) 

= -J magiika = 32 palas 

„ agtabhagikSs = i caturbbagika (caubM'ia) 

= mapika = 64 palas 

,, caturbhagikas= 1 ardhama^ika (addbama^M) 
= -I ma^iika = 128 palas 
„ ardbamaiplkas= i manika 

= 256 palas 
III Unmanapeaman'a 

1 ardhakarsa^ =-| pala 

2 ardhakarsas =i karsa (kart'sa) 



= |- pala 

„ karsas 

= i ardhapala 

„ ardhapalas =„ pala 

500 palas 

= „ tula 

10 tulas 

= „ ardhabhara {addhdbhard) 

20 „ 

— „ bhara 

IV 

Avamanapramana 

24 abgulas 

= I hasta ( hattha ) 

4 hastas 

= „ dapda 

7 ? V 

= ,, dhanuska {dhanukka'^ 

ry 

= » yuga {jugu) 

)9 n 

— „ nalika ( nada ) 

JJ )) 

= „ aksa (akkka) 

■ J) ■■■■ -v , 

= „ (mu^ala) 

10 nalikas 

= » rajju 

V Pratimanapramana 

i-i gunjas 

= I kaka^I ( kagafit ) 

kakapis 

= „ i^nipphava') 

if gufijas 


3 ni§pavas 

karmama^aka {kammamdmd) 


5 gunjas = „ „ 

4 kakanis = „ „ 

1 2 karmamaisakas == „ majidalaka ( mandaiaS , ) 

48 kakipis =„ „ 

1 6 karmamasakas = , , svarpa ( suvannja ) 

64 kakipis — „ „ 


1 Tke Prakrit word for ‘ardhakar^a’ is 


iraaoBverioN 


XXXfs: 


We shall now turn to kseira-pramana. Uko dravya-pra- 
mana, this, too, is of two kinds: (i) prades'anispanna and 
(2) vihhdganispanna. The former has asauKhya variet’es inas- 
much as it deals with substances occupying prades'as from one 
to asankhya. The latter is, roughly speaking, divided into eight 
types beginning with ahgula •axxdi going up to yojana. These 
types are mutually connected as under:— - 

6 ahgulas^ =1 p^da, {pdya) 

2 padas =„ vitasti {vihaitM) 

„ vitastis =„ ratni {rayani) 

„ ratnis =„ kaksi {kiicchi) 

„ kuksis = „ dhanu§ya {dhanuMd) 

2000 dhanu?yas =?„ gavyfita {gaud) 

4 gavyOtas = „ yojana(j'oy(Z«(2)® 

Just as dravya-pramana and ksetra-pramdtia as well, are of 
two kinds, so is kdia-pramdi^a, its two kinds being (i) pradeda- 
nUpanna and (2) vibhdganispanna. The former nas asankhya 
varieties as it deals with substances lasting from one samaya to 
asahkhydta samayas. The latter has several subdivisions such 
as (i) samaya, (2) avalika, (3) muhurta, (4) ahoratra, (5) pak§a, 
(6) masa, (7) rtu, (8) ayana, (9) sarbvatsara (year), (10) yuga, 
(u) pttrvSnga etc.® These are related as under: — 

Asaiikhya samayas avalika {dnaliya) 

Sahkhyata avalikas = „ nisvasa (msasa) or 

I ucchvasa (usasd) 


7 pratias 
7 stokas 
77 lavas 
3773 ucchvasas 
30 muhGrtas 
15 ahoratras 
2 pak§as 
2 masas 


= „ stoka {thovd) 

— „ lava 

= muhQrta {muhuttd) 

= 

=i=„ ahoratra {ahoratia) 
ipdksz {pakkha) 

= „ masa 
= rtu {uii) 


1 Angula is of three kinds: {a) Mmdngtda^ {h) prammiLdngida B,ixd {c) 
The last has several subdivisions. For information in this 
connection the reader may refer to my Arhatadars^ anadlpihd (pp. 78-80). 

^ Of. Anugogad'&dTasutra (sntra 138)i 

3 For furtiiet subdivisions see supra (pp. xvii-^xx of this introdnotionb 
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3 ^- 

3 rtus = I ayana {ayatia) 

2 ayanas = „ saiiivatsara (samvacchard) 

5 samvatsaras = „ yuga {juga) / 

84 lacs of years = „ purvanga {^puvvahgdf 

Bhava-pramana has various subdivisions but they hav6 
very little to do with Mathematics. Moreover it is not possible 
to treat this subject® anymore here, since the object of this 
introduction is to take a rough survey of the Jaina field of 
Mathematics. 

Geometrical References in the Jaina Canon 

As already remarked®, when geometry is the lotus of 
Mathematics according to Jaina canon, it is not surprising, 
if therein we come across several technical terms pertaining 

:to.it.-; : :: 

Bhagavatlsutra (XXV. 3; y2g-y2h)YAnuyogadvara. 

(sQtras 123 and 144) etc.^ supply us with the names of 
five geometrical figures as under 

(i) tryasra (triangle®), (2) (quadrilateral® ); 

(3) ayaia (rectangle), (4) cWjfa (circle) and 
(ellipse). Each of these is of two kinds according as it is 
pratara (plane) ox ghana (solid). Coxisocyaontly ghanatryasra, 
ghanacatmasra^ ghanayata, ghanavrtta and ghanaparimanc^ala 
respectively mean a triangular pyramid, a cube, a rectagular 
parallelepiped, a sphere and an elliptic cylinder. 

We come across the circular, triangular and quadriangular 
rings ( annulii ) which ^.xo c^\\e& valayavrtta, valayatryasra 
2iXL& valayacaturasra respectively. 

1 Of. Armyogadvwasutra Arhatadar s' anaMpika (pp, 

587-588). 

2 This subject is partly dealt -with, in (p. 146), 

y B,Digcbm,har a commentary on latt/o&rtha (111,38), and in The Jaina Gem 
; Dictionary {pp 163-154), too, 

' 3 See p. 12, fn. 2. 

4 See Jamhudvipaffajnapti and Jivayvoabhigamasutra. 

5-6 In this conectien I may mention that Dr. Uatta has written a 
splendid article viz. “On Mahavira’s solution of Rational Triangles and 
Quadrilaterals ’. See “The Bulletin of the Calcutta Mathematical Society” 
vol. sx (pp. 267-294), 1928-29, On p. x of this introduction this article is 
already referred to. , 
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Anuyogadvarasuira (sutras lOO, 133 and 133) gives us 
names of 3 units of measurement viz., {i) sucyaitgula (needle- 
like finger), (plane finger), and (3) ghana- 

ngula (solid finger). These mean the units of linear, super- 
ficial and solid measures respectively. For, it is stated there 
that sucyangula is linear and one dimensional, the product 
oi sucyangula by itself gives pratarangula, and this when 
multiplied hy sucyangula gives rise to ghanahgula. 

In Suryaprajnapti (sutras ii, 35 and 100) we come across 
the names of the following terms: — 

(i) Samacaturasra, ( 3 ) vis' amacaturasra^ {pP) samacatma. 
konay {^) vis'amacaiuskona, (5) samacakravala, {b) vis' amaca. 
kravala, {_']') cakrardhacakravala zsidi {%) cakrakara, Weber 
has explained them in Indische Studien (vol. X, p. 374) as even 
square, oblique squre, even parallelogram, oblique parallelo- 
gram, circle, ellipse, semi-ellipse and segment of a sphere, 

In the hhasya on Tattvarthadhigamasutra (III, ..ir) 
we find the terms (i) vrttapariksepcd, {2)jya, (3) isu, (4) viska- 
fnbha, (5) dhanuskastha^ znb (6) bahid, and in the bhyasya on 
IV. 14 we find viskambhardha^. These names respectively 
stand for a circumference, a chord, an arrow, a diameter, an arc 
of a circle, less than a semi-circle and a semi-diameter o^ajadius. 

Mensuration Formul.® , r ; 

hhasya 2^^ ) on Tattvarthadhigamasutra (III, ii) 
furnishes us with the following 6 formulae; — 

(1) C = VIoJ2® ( 3 ) A=lCd 

1 See p. 258. 

2 See pp* 256-258. ^ 

3 See p. 2o8. 

4 See p. 288e 

' 5 In Anuyogadv^rmuirob (sutra 146, p. 235) the cireumferece of B>palya of 
1 lac yojanas in diameter is given as under:— ; 

# i% 3 Ti Rif 
ipnim” 

In the commentary (p. 236) on this work by Maladharin Hemacandra, the 
following verso in Prakrit has been quoted: — . • > 
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(3) c s (4) h = 

(5) a = V6l^^ (6) d = {h^+^) f h 

Here C stands for the circumference of a circle of diameter 
d and A for its area. The arc of a segment of a circle less 
than a semicircle, its chord and its height or arrow are denoted 
as c and /« respectively. 

Over and above these 6 formulse mentioned above, the 
bhasya (p. 358) gives us a rule as below: — 

The portion of the circumference of a circle between 
(bounded by) two parallel chords is equal to half the diflference 
between the corresponding arcs. 

In Ksetrasamasa of which the authorship is attributed to 
UmSsvati, only the fourth formula is not to be found. Further- 
more, the rule pertaining to finding out the arrow mentioned 
there can be expressed as ^ = V(ffl 


This topic is dealt with by Ratnas'ekhara Sfiri in his 
Laghuksetrasamasa in the following hemistiches of the gUthcis 
188-190: — 


^ Iff”® 


and 





Trilohasaray too, furnishes us with the formulas here given 
some more. All of them can be mentioned as under:— 




[ I ^ 1 

1 Compare Gar^kMavasangraha VII 43, 73^, and Mahasiddhanta (Benares 
edn. XV, 90, 94, 95/ of Aryabhatta. 

According to the Greek Heron of Alexandria (e. 200) a=. V4A* + <ja+| or 
V4fc2 + c“ + (Vih^ + c^~c)\. 


The Chinese Hue who died in 1076 A. t). gives the formula as <s sap x • 

2 In Ksetrasamasa (v. 7) as well as in the on JamhOdmpaprajnapti, 
instead of ^ there is siirnit. 

3-5 Sanskrit rendering: — 








xrar 

(1) C (gross) 

(2) C (subtle or neat) = Vi^ 

(3) A = -lCd •■ 

(4) !?■ = ^ s where r is the radius of a circle equiva- 
lent to a square of side s ; thus w-ss ( ^,)* 

, 5 } ^=4h(d-K} 

(6) o®= 6AW 

(7) d = £!±ii® 

(8) A (gross) = Vio. c. |- 

(9) A (neat) = ^ (<H-^) h 

(10) d = 

^ ih 

(n) h = 

6 

ii 2 ) h = l{d-~V¥^) 

(13) = 

(14) h^Yd^ + ^a-d 

(15) a*= 4 ;t(d+|) 

(16) c® = a®- 6 i^® 

Out of these formulae, the ist three are given in gUih^ 
311, the 4th in 18, the 5th and the 6th in 760, the 7th in 761^ 
the 8th and the 9th in 762, the loth and the nth in 763, the 
1 2th in 764, the 13th and the 14th in 765, and the 15th and 
the 1 6th in 766. 

In Trilokasara {gaiha 309) we find the discussion about the 
breadth of an annulus (valayavyasa) and the diameter of its edge 
{sudvyasa), 

Gommatasam supplies us with formulae about volumes of 
a prism etc. For instance, from gaiJiJa 17 we learn that the 
volume of a prism = base x height. Th.Q gatha 19 furnishes us 
with two formulae as under:-— 

(i) Volume of a cone or a pyramid*^ base x height. 

(ii) Volume of a sphere (radius)® 

Guthas 22 and 23 lead us to the following conclusions:— - 

Volume of a conical shape =( )® x height. This is 

on the supposition that the height equals ( approximately) 
circumference, gaiha 114 deals with an isosceles trapezium. 
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If a, h and h represent the face, the hasp and the altitude 
of an isosceles trapezium, we can have the following results: — 

(1) The rate of decrease of 6 or increase of a = ^. 

(2) Area = J 

(3) At a height /i' above the base, the breadth of the figure 

will be and at a depth h" below the face, the breadth 

will be a+^ 

n 

It may not be amiss to mention that some geometrical 
figures are suggested in the following passage of Danas' futa^ 
skandha {YU):— 

tiwRU, wstfr- 

Before I finish this section about the geometrical know- 
ledge of the Jainas, I may mention two problems. One is 
referred to in BhagavaU (sfltras 726 and 727). It deals with 
the minimum number of pradesas (shots, literally spots) 
required to construct various geometrical forms. , To give a 
clear idea, I may give a tabular form:— 


Geometrical form 

Minimum number of 
odd shots 

Minimum number of ; 
even shots 

Circle ••• 

^ • • • ••• 

12 

Sphere 

^ *m 9 . ••• . „ ••• 

32 

Triangle 

■ ' ••• . . 

6 . 

T riangular pyramid . . . 

' 35*** 

4 . 

Square 


4 

Cyube ... ••• 

*•* ••0 

8 

X^xne ’ ... 

'3***' . 0 * 0 ' 00 * 

2 

Rectangle 

I 3 #00 000 

6 , 

P,arallelopiped 

••• ••• 000 

12 , : " 


The other problem deals with the different strata of Meru 
mountain and it is treated in 


1 Tide Uttar adhy ay anaiutm (XXX, 19)v 

2 Bqq Sthdndnga (VI; sutra 514). 

3 Sanskrit rendering:^ — 

5Trf%%5T inrar, Ift, 

5r^'*iHvr, I ■ 
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ACCORDING TO THE JaiNA WORKS 

In the canonical works of the Jainas, three distinct values 
of X are noted: (i) VT^ (ii) a little more than 3 (1^3^ 
and (iii) 3.i6i 

In Bhagavatisutra (sutra <^i)^JlvajtvabMgamasuifa (sutras 82^ 
and 109®), Jambudvipaprajnapti (sutra 3), Suryaprajnapti (sutra 
20*), the ( p. 258 ) on Tattvafihadhigamasutra (III, ii) 

and several other works, the first value has been adopted. It 
is strange to note that Ratnas'ekhara Suri (1440 A. D. ) has 
evaluated x as VIo in his work Lagkukseirasamasa^ even when 
a more accurate value was certainly known in his times. 


1 For th© ‘‘Hindu (non- Jaina) values of tt, see Dr. Datta’s paper published 
in the “Journal of the Asiatic Society of Bengal’’, voL XXII (pp. 25-42), 1926. 

n ^ ^ ^ 3i3?5Tf 

[ cT^ H RSR qt5r?mBWEFITE^’%T 

g-r?rrf3t 5 ^ sRi^raiigrft^ =^iif5rF«i^- 

^?RraTrarr?nEfl®^oi E€r^'rarag;(3Tf%^) aft^nracrri^ ( “ivs ) 1%%^- 

Malayagiri -while commenting upon this portion observes ; 

elf’ fir 

4 “i?jf ^oTR-f^ t=dt?r €l'2iqR4 ^f&oi 

“w 'sbTOfW v»f =^=€14 :^koRr4 itf&w ^^rniwtRTf 

C (=^f%)fr^fw) ^hr^rfRi^ ( t f iv) an'2irEilqin%r sflfnr 

“it4 ^2r3T?ii:t4 w ^ aiFtiE^TO^of %% ^?T“iRi:tRTf worrit 43 - 

[ qt'iTERl^^ ^ (TWfWfRf^^) %^?rflcf3. ( ) STT^TPri^’^BJ^ sftR 

4f3Rwmf3t TsitgtrPt 4Nwffwrf% ( ] 

^ 3THrrjriw%ot ^fo^r ^^rwTOffHif 

[ JTf (s'ifvo) sTETriT^tgi^ 4l14r 
^t^frTOf^rrft vf^por] 

Here we find that the value of ir accepted as 3 by three non-Jaina schools 
is rejected, and that the diameter of the innermost orbit of the sun is mentioned 
here as 99640 yojanm and its circumference as 315089 yojanm plus a little more 
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The second Value of x is noticed in Jambudmpaprajtiapit 
(sutra 19) and in Uttaradhyayanasutra (XXXVI, 59). 

The third value is hinted at in Jivajwabhigamasutra (sutra 
112). There it is stated that for an increment of 100 in 
diameter, the circumference increases by 316/ 

■ . " '"S'',.': 

In the Digambara works x is equated to If, since, 
according to these works ■7r= Vro = V 9 + 2^ = 3 + | = ^.® 

Rajju 

In most of the Jaina works, a rajju is defined as the 
diameter of the Svayambhuramana ocean * Ratnasancayapra- 
Marana (v. 483^, p. 189®) defines rajju as follows: — 

A god can go 100,000 yojanas in the winking of an eye. 
The distance which he can go in 6 months is a rajju. 
is also defined as under: — 

If a powerful god were to throw down forcibly an iron ball 
heated and weighing 1000 bharas, the distance which it can 
cover in 6 months, 6 days, 6 praharas, and 6 ghatikas is equal 
to z rajju. Ste Ratnasancaya {r. ), 

1 This leads us to infer that the Jainas were aware of the fact that the 
circumference of a circle varies as its diameter. 

2 GL LohaprahasUo (I, v. TT), 

3 According to The Jaina Gem Dictionary ( pp. 154-155), the rule for 
finding a sq. root is to write the sq. root of the nearest rational number and to 

add to it the remainder divided by twice its sq. root g, Vj == Vr + 2 Yi* = 1 + 

■4 ==§. Cf. Vn = Va 2 = 05 + ^ where r is small. 

4 Cf, ( I, V. 65 ). 

5 This verse is as under: — 

‘% 3 Toi 5 i^crTi|-DT f 5 i^eft%or srn ^ Ist i 
rw w%T 11 11” 

iQ 

The lS7th gatha of JSrhat-sangrahaT^i containing 485 gMhas may be seen 
in this connection. 

6 This page -number refers to an edition published by S'ri Jaina dharma 
prasaraka Sabha in Sam vat 1985, This edition contains both the text and its 
Gujarati translation. 

7 They are as under:— 

fit ft n n 

?: 53 r ?ic«r inTToit f^r? <?2ir ii ii” 
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Magic Squares 

I have up till now tried to point out some of the features 
of the _/a2>2a Mathematics as depicted mostly in the canonical 
literature. Now I shall refer to stoira-sahitya or hymnological 
literature. I have come across three hymns which allude to 
magic squares. One of them directly indicates the numbers 
which make up magic squares. The remaining ones give 
rise to five magic squares as suggested in its commentary. 
These magic squares are of different orders: 3rd, 4th, 5th, 8th 
and 9th. A detailed account of them is given by me in my 
“Note on hymns and magic squares’’ published in “The 

Indian Historical Quarterly’’ ( vol. X, No. I, pp. 148-153). 

Applied Mathematics 

I have collected materials throwing light on Applied Mathe- 
matics, too; but I reserve their treatment for future. Only a few 
particulars are being noted here. That light is matter is sug- 
gested in T ativarihadhigamasutra (V, 24). An idea akin to the 
first law of Newton, is also expressed in this work (X, 6). The 
Jaina notion about the principle of flotation can be inferred from 
Kalyanamandirastotra (v. 10). The theory of sound is discussed 
at great length in Vises'avadyakabhasya {y. 

[swi^ ^ I 

smFi ii] 

1 This is only what could be here noted from my paper ‘‘Some materials 
for the study of Mathematics in Jaina literature” accepted by and read at 
the Jubilee sessions of the Indian Mathematical Conference held in 1932. 
This paper was based upon the notes prepared by me when I submitted to the 
University of Bombay in 1924, the results pertaining to “Jaina Mathe- 
matics” in connection with which a grant was given to me by this University in 
1923, During the years that have since elapsed, my friend Dr. B. Datta 
hag contributed in this connection three important and interesting articles : two 
to the Bulletin of the Calcutta Mathematical Society in 1928-29 and 
one, to “Quellen und studien zur Geschicte der Mathematic”, a German journal 
in 1933. Still much remains to be said regarding Jaina Mathematics 
not only by way of multiplying the instances in support of the facts mentioned 
here but also by presenting together several Mathematical problems lying 
scattered in the various and by bringing to light other Mathematical 

factors which may have escaped notice on account of the want of thorough 
investigation of the Jaina canonical works which is not still carried out by me 
owing to the circumstances being not quite favourable for it. 
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With these words about Jaina contributions in the Mathe- 
matical field, I shall now say a few words about Ganitatilaka. 

Outlines of Ganitatilaka 

Ganitatilaka is the name definitely mentioned for this work by 
its commentator Sirhhatilaka Suri; S'ripati, its author styles it as 
Patlganiia ( Ganitasya pattin )^ . This work is entirely composed 
in Sanskrit in verses in various metres.® In the very first hemi- 
stich® of the first verse, the author offers his salutation to the 
nature of the soul, in a way which is practically acceptable to 
several Indian systems of philosophy. In the second hemistich, 
he indicates the subject and the purpose of composing the 
work. The very first topic which he then introduces deals 
with the following names* of i 8 notational places: — 

(i) Eka, (2) Dasan, (3) S'ata, (4) Sahasra, (5) Ayuta, (6) 
Laksa, (7) Frayuta, {S) Koti^ (9) Arbuda, (lo) Fadma, (11) 
Kharva, (12) Nikharva, (13) Mahasaroja, (14) S'ahku, (15) Samu- 
dra^ {iG} Antya, {i^) Madhya saxdL {1%) Fardrdha.^ 

1 See verse I. In the colophon ( p# 3 ), the name Ganitatilaka, occurs, 

2 See my Sanskrit introduction. 

3 This is capable of many an interpretation. See p. 1. 

4 These very names except padma and mahasaroja for which we have ahja 
and mahamhuja^ are found in Abhidhdnacintdmani ( III, v. 537-538 ). 

•■5.' Of. — 

=5 5ft# ^ =^1^# 'gr st^ 37 ^= 9 :^ 

^ ^ arsr 

— (p. 1 1 8) 

“fPTT srg ST fSfr 5 =5 5 # =4 W 'g' 

Itg# fTiu ^ =g ^ ^ 

qvmar” 

JT«g =gF^>ai 

— (p. 3032) 

^TfT wlffw ^ 7r«rk wfTSPuk ^T|>q& ssrp” 

— 'S-R-Ro-l (p. 4445) 

( All of these have been noticed by Dr. B. Datta and Dr. A. IST. Singh in 
their work History of Hind a Mathematics, Pt. I, pp, 9-10 ), 
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Some of these decuple terms are, of course, those which 
we find in Ganitasarasangraha ( pp. 7-8^ ), too. 

It may be mentioned en passant that Simhatil aka Suri, 
while explaining the 1 8 notational places furnishes us with 
synonyms for 12 of them as under:— 


(i) das'asahasra ior ayuta^ ifi) das'alakm for prayuta, 
(3) dadakotiiox arbuda {^) kotis'ata iox padma^ (5) kofisakasra 
for kharva, (6) das' akoUsahasra for nikharva, (7) kotilaksa for 
mahasaroja, {%) dadakotilaksa for s'anku, (g) kotikoti for samudra, 
{j.Q) das'akotikotf for antya, {11) kotlkoiis'ata for madhya and 
{i 2 ')kotlkotlsahasraioxpardrdha. 

A Buddhist work styled as Ahhidhanappadlpika ( I, pp. 
69-70 ) and published by Gujarat Puratattva Mandira in Sarnvat 
1980, furnishes us with some useful information in this con- 
nection. The pertinent verses are as under: — 

( 5^5is?jTr ii 

sTRfilr ) 11 



I 

^ 1 ;^, (|^«rr) =5r ) II vs« 

^ 1 

ant, — cw, II 

^gt, ^ ^ ) i 


‘‘^nr irawitHcr ^ 

f§rq:(TOt% f^5T5TTJTtfh «r?T 

4aitssn%mTT ^ ^ #T4w?rsiTfe4wf^ 

— (p. 395) 


1 Herein the terms sahasraka^ da$^sdhaBr<i, das'alaksa, das'akoti, arhuda^ 
nyarhuda, kharva, mahdkharva, padma, mahdpadma^ ksoo^% mahdkso'j(it, sdnkha^ 
mahds' ankha^ kdti, mahdksiti^ ksohha and mahdksobha are used to denote the 
4th, 5th, 7th and 9th to 24th sthdnm respectively. 

2 It seems that Simhatilaka uses both the -words koti and kot% as well; or 
it may be that the scribe has not been quite consistent in transcribing the M§* 



From Lalitavistara (p. 168, Rajendralal Mitra, Calcutta, 
1877) we see that in olden days an attempt had been made to 
record a set of numbers based on the centesimal scale as well/ 

As the next topic, S'ripati introduces the terminology for 
various units^ of measurement. The corresponding tables® are 
given in the Appendix. Some of the verses {e. g., verses 5 to 
8 ) given in this connection in Ganitatilaka occur with or 
without variants in S'ridharacarya’s Ganitasarct oi which there 
is a MS.* (No. 4660, dated Saihvat 1449 and containing this 
text and two anonymous commentaries, one in Sanskrit and 
one in Gujarati) at the Oriental Institute, Baroda. 

The 8 sorts of fundamental operations, viz. (i) sankalitd 
(addition), (2) vyutkalita (subtraction), (3) gunakara (multipli- 
cation), (4) bhagahara (division), (5) varga (squaring), (6) 
varganmla (extraction of square-root), (7) ghana (cubing) and 
(8) ghanamula (extraction of cube-root), follow this terminology. 
In this connection it may be mentioned that 2 methods are 
pointed out for addition, i® for subtraction, ^ for multiplication, 
one of which pertains to factors®, i for division, 3 for squaring, 
I for extracting square-root, 4 for cubing and i for extracting 
cube-root. 

In order that this remark may be properly grasped, I may 
treat this subject in exienso as under:-— 

Krama and utkrama are the two methods indicated for 
addition. None of them is however explained by the author. 

1 Of, Datta and Singh, Z. c,, p. 10, 

2 Units of measurement pertaining to weight, length etc, have heen 
divided into smaller units by all civilized nations. For, thereby they could 
easily avoid fractional quantities which were so to say a hindrance in rapidly 
carrying on commercial activities. 

3 In Lildvatij the tables are followed by the topic pertaining to notational 
places; thus the arrangment there is reverse of what it is here. 

4 On a cursory examination, it does not appear to be the same as Tris^atikd 
of S'ridharacarya, an author of the same name. 

5 This should be distinguished from citi or sanhalita meaning a sum of 
a series according to Tris'ail (p, 2 ) and GaT^itmdrasangTaha (p. 17 )• 

6-7 See p. li. 

8 This method was well-known in the days of Umasvati, See p, 
gf this introduction. 
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It is rather Simhatilaka who throws light on it; but his ex- 
planation that means adding from top to bottom and 

uikrama viceversa, diflfers from that of Gahgadhara recorded 
in his commentary on 

Sixhhatilaka mentions two methods for subtraction viz. of 
placing subtrahend below the minuhend and viceversa. 

As regards multiplication there are four methods. So 
says Simhatilaka. So let us examine the pertinent verses (15 
and isi) and their explanation given on p. 5. 

At first sight it appears that there are four methods viz. 
(i) kapatasandhi^ (2) tatstha, (3) sthanavibhaga and rupavibhaga, 
the last two collectively known as khanda. Out of them the 
first has two varieties according as the multiplier is moved 
in the direct or the inverse order, while multiplying succe- 
ssively the figures of the multiplicand after having placed 
it below the multiplier as in the junction of two doors. 

The second ( tatstha ) method has no varieties. It differs 
from the kapatasandhi method inasmuch as the multiplier is 
kept steady. Thi^ tatstha method which is said to be algebraic, 
can be compared with tiryaggunana or vajrabhyasa ( cross- 
multiplication). 

SthSnavibhaga and rupavibhaga, the 3rd and the 4th methods 
are each capable of being interpreted in two ways, and that 
is what Siiiihatilaka has done. Vibhaga means splitting, and 
multiplier.® Sthanavibhaga ther&ioxQ means: (i) splitting 
up of the multiplier into factors and (ii) separation of the 
digits of the multiplier.® The first meaning holds good in the 
case oi rupavibhaga., too, where rupa signifies multiplicand. 

If rupavibhaga means that the multiplier is to be considered 
as the difference or sum of two numbers (this seems to he the 
meaning assigned to it on p. S), we have two other methods for 
multiplication, each of which can be compared with istagunana 
of Brahmagupta.* In that case it may be said that in all, we 
have, 8 methods for multiplication. 

Before proceeding further, it may be observed that S'rl- 
dhara has mentioned four methods of multiplication: (i) kapata- 

1 See my Sanskrit introdnotion cf. Datta and Singh, 1. e., p. 131, fn. 1. 

2 Simhatilaka’s interpretation of stkana as multiplier and rii^a as multi- 
plicand (p. 6) seems to be rather pecoliar. 

3 Cf. p. 5, 11. 17-21 of the commentary. 

4 He was born in 698 A. D, 
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sandhi^ ( 2 ) iatstha, ( 3 ) rupavihJiaga and ( 4 ) stkanavibhaga. 
Mahaviracarya, too, has mentioned the same four. Aryabhata II 
records only the common method of kapatasandhi. Bhaskara II 
has however noted five, four of which are the same as noted 
by S'rldhara, and the fifth is the one known as iUagtmana. All 
these five methods given by Bhaskara II occur in S'ripati’s 
Siddhantas'ekharaP 

Now a word about the method of division. It was con- 
sidered by Indian mathematicians as too elementary to be 
described, whereas it was looked upon as a tedious and difficult 
operation by European scholars as late as the i6th century.® 
S'rlpati explains the method as follows; — 

Remove the common factors, if any, from ( divisor) 
and bhajya (dividend) and then divide in the pratiloma 
(inverse) order. 

Further details of this process such as dividing the digits 
of the dividend by the divisor are neither stated by him nor 
by Siihhatilaka. 

As regards the three methods of squaring given by S'rlpati, 
the first is as under: — 

After the last digit is squared, double this last digit should 
be multiplied by the rest of the digits respectively.® Then 
the remainder left by removing this last digit should be moved, 
and the procedure should be repeated.^ 

1 Of. DatU and Singh, i. c, pp. 135-136. : ' ; ' 

2 See Datta and Singh, I, c,, p. 150; and Smith, History, p. 132. 

3 This is same as multiplying the rest of the digits by twice the last. 

4 According to this rule, the following 11 steps are required to 
square 163 : — 

(i) (ii) (iii) (iv) (v) (vi) (vii) 


163 


163 


163 


63 


63 


63 


63 

1 ^ 




126 


126 


126 


126 


1266 



1 


1 


1 


1 


136 


136 




r:i 


» 


J 1 


) 


) 

3 


(viii) (ix) (x) (xi) 


3 


3 


''3' 


12669 

1266 


1266 


12669 

and 

136 

136 


136 


136 


3 

3 


3 

7' : 

3 


26569 


It appears that out of these 11 steps, the steps (vi) to (ix) have been 
wrongly given in the original MS. by the scribe, and through oversight this 
mistake has not been corrected by me on p. 9, and that the steps (v), (vi) 
and (xi) have been omitted in the original MS. by the scribe. 

For the explanation of the method in English see Datfca and Singh, 
L c., pp, 157460. 
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1st method for squaring given by S'fipati, 
Simhatilaka observes on pp. 8-9 that S'ripati has adopted a 
wrong procedure in having used the phrase on p. 7 with- 

out explaining the term varga, while Bhaskaracarya, the author 
of Zi/az/a# has followed the right procedure, for, he has first 
explained the term varga and then explained the method for it. 

The second method is stated by S'ripati as under :— 

The product of the difference and the sum of the number 
to be squared and the assumed number, when combined with 
thet square of the assumed, gives the square. 

This may be expressed algebraically as under:— 
x^ = (x-a)(x + a)+£^. 

Here x is the given number and a the assumed one. 

The third method is to multiply the number by itself. 

While explaining this method, Siihhatilaka has referred to 
a well-known method given in Tfis'ail. 

The method for extracting square-root^ given in Ganita^ 
tildka is the same as given by S'rldhara, Mahaviracarya and 
Aryabhata II, but it slightly differs from one given by 
Bhaskara II. 

For cubing, four methods are given. Out of them, the 
first is as under:— 

The cube of the last (digit), the square of this last (digit) 
multiplied by three and the succeeding ( digit), the square of 
this succeeding (digit) multiplied by the last and three, and 
the cube of the succeeding (digit), when added, after each is 
placed one place before the other give us the cube (required)®. 

1 Siddliasdna Ganfs ooDiiiioiitary (p. 258) on TattWTthddhig<XtM(i8UtT& 
(III, 11) may bo consulted. See Datta and Singh, h c., pp. 171-172. 

2 In accordance with this rule, the following 8 steps are necessary before 
we can get the cube of 317 : — 


(i) 

(ii) 


(lii) 


(iv) 

(y) 

317 


317 1 


317 


317 


317 

27 


277 


2779 


27791 


, 27791 


9 ■ 

2 


% ■ 


2 • 


2 





t 


J 

20181 


O 
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From this it will be seen that this is practically the same 
method as given by S'ridhara and MahavIrScarya^. 

The second method is so to say as under:— 

Suppose we have an A.Pr of which the first term is one, 
the common difference is also one,: and the last term, the 
number of which the cube is required. This cube is obtained 
by adding together (i) the last term multiplied by 3 as well 
as by the preceding one and (ii) the cube of this 

muMa, with one added to it. Roughly speaking, this means 
that if r is the number of which the cube is required, then it 
is equal to + 

The third method is nothing else but multiplying the 
given number by itself and then the result by the given 
number. That is to say if a is the given number, the required 
cube is 

The fourth method can be stated as under:— 

Thrice the ra/z (given number) multiplied by its two 
parts, when united with the cubes of each of these parts gives 
the required cube. 

This may be represented as below:— 

where a and 5 are the two parts of the 

given number x. 

As regards extracting cube-root,® S'ripati has given only 
(vi) (vii) (wi) 


- ^317 ■ ■ . ] 


317 : 


[27791 

27791 


27791 


2 

2 


2 

and 

20181 

20181 


20181 

4557 

4567 


4657 


343 


5 ■ 

343 


' 31865013 


In this case, the steps (i) and (v) have been misprinted on pp. 11 and 13, 
and the 8th (last) has been omitted in the original MS. by the scribe. 

For the cube of 1234 see Datta and Singh, I, c., pp. 165-166, 

1 See Gm^taac^mangraha ( v. 47, p. 15 ) 

2 Cf. Datta and Singh, 1. c., pp, 167-169. 

3 This operation is described in the Aryabhafiya. Fp till now, no earlier 
dascrintion than this is found. Of. Datta and Singh, 1. c., p. 175. 
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one method,^ and that is practically the same as given by 
Aryabhata II who has followed S'ridhara®. 

This finishes a rough survey of the methods used for the 
8 fundamental operations. So I shall now take a note of the 
various terms® used in connection with each of these operations 
in diflferent works on Mathematics in Sanskrit: — 

{Y) AhhyUsd’yektkarana.^ mis' r ana., milana (p. 3), praksepcma, 
sammelana, sammllana (p. 3), samyojana (p. 15), sankalana^ 
sahkaHia (p. 3), yoga (p. 3), yojana (p. 15), yojana (p. 8), yuMi 
and yttti (p. 3) stand for ‘addition’. 

I have not come across any special term used in Sanskrit, 
for ‘addend’ ( ‘summand’ ), though it can be coined. 

(II) Paiana (p. 4), s'odhana, vis'odhana (p. 4), viyoga 
viyojana (p. 4), vyavakalita (p. 4), vyuthalana and vyutl^alita stand 
for ‘subtraction’. 

PMya (p. 4), sarvadhana and viyojya have been used for 
‘minuend’, viyojdka for ‘subtrahend’, and antara, avas'esa (p. 4),' 
avas'emka (p. 4) and desa (p. 4) for ‘residue’ or ‘remainder’. 

(III) Abhihaii (p. 9), ahhyasa, ahati (p. 8), ghata (p. 9),- 

gunakara (p. 4), gunana (p. 5), hanana, ksaya, parasparcd^rtui 
prahatiiyg, ii), samUhati (p. 8), saniddana (p. 5) and vadha stand 
for ‘multiplication’. : 

Gunamya (p. 5), gunya (p, 4) and rupa (p. 5) have been 
used for ‘multiplicand’ ( ‘multiplicator’ ), gunaka (p. 4), guna- 
kara and sihdna (p. 5) for ‘multiplier’, and gunanaphala and 
pratyutpanna (p. 4) for ‘product’. 

(IV) Bhdgahdra (p. 6), bhdjana, chedana and harana stand 
for ‘division’. 

Bhdjya (p. 6) and hdrya have been used for ‘dividend’, 
hhdgagrhdhka (p. 6), bhdgahdra, bhdjaka, hara (p. 6) and 

1 The first step is to mark the places as ghana and aghana, e. g, the units 
place as ghana, the tens place as first aghana, the hundreds place as second 
aghana, the thousands place as ghana, the ten thousands place as first aghana, 
and BO on. 

2 S'ridhara has given more details than Brahmagupta. Of, Datta and 
Singh, Z. c., p. 177. 

3 Most of these have been noted % Datta and Singh, 1. e, 

4 This is used both for addition and multiplication in the S'nlbd 

vrorks ( 800 B.C. ). ; . 
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(p. 7) for ^divisor’, Idbdho, ^^ for ‘(juotient’, and 

/asfl! for ‘remainder’. . 

(V) Krtiij^. 9) and varga (p. 5) stand for ‘square’. 

(VI) Krti-pada^ (p. 9), krti-mula (p. 23), varga-muld (p. 9) 
and the like stand for ‘square-root’. 

(VII) Ghana ii) stands for ‘cube’. 

(VIII) , Ghana-pada (p. 2d) and ghana-mTda (p. 13) Stand 
for ‘cube-root’. 

I shall now say a few words about fractions, the topic 
which is dealt with by S'ripati, after he has explained the 
8 operations. 

We can, trace the knowledge of fractions as far back as. 
the Vaidika.-^QTiod.. For, in the Rg^Veda (X. 90. 4) we have 
the term tri-pada^^ and in th.Q Maitrayanl Samhita (III. 7. 7), 
the terms kala^, ku&tha^, padc^ and s'apha? Furthermore, in 
the S'ulba sutras, fractions have not only been noted but they 
have been utilized in solving problems.® 

S'rlpati has used the words as well as vibhinncd^ 

for ‘fraction’”. Simhatilaka has rightly looked upon them 
as equivalents. 

For numerator, S'rlpati uses the words ^^^^^(p. 18), afiidaka 
(p. 34) and lava (p. 15), whereas for denominator, he uses the, 
words cheda (p. 18), chedaka (p. 15), chidX^. 23) liara (p. 15) 
and (p. 21)., 

Furthermore, as in S'ulba sutras^^, he has used the words 

1-2 Out of pada and m'Ula signifying ‘root’, the latter seems to he older, 

It occurs in Anuyogadvarasutra. 

3 This seems to be the oldest record of a composite fraction* 

4-7 These respectively stand for | and As regards Mld^ it 

maybe noted that later on, it has been used to denote Traction’, the earliest 
example for which is furnished by S'v>lha works. See Datta and Singh, h 
p.i85. . 

8 See Dr. Datta’s Theseieme of the S'u^^^ pp. 212 ff, 

9 See p, 24. 

10 See p. 22. . , , . 

II This as well as other Buropean terms such as fmciiOi rocto, roUo; roupi^ 

etc. which are derived from the Latin ) ot rupius meaning 

* broken’ correspond to hhinna or Dihhinnm, See Datta and Singh, h c^ p. 188* 

12 In the Apmtamha S'ulha (x) pcmeadas'ahhaga (lit. 15 parts) 

for and in the Kdfydyana S) the same. Moreover^ in the 

latter work (vi. 4)^ we have for 
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arH^a, aihs'aM, iMga':sLnd lam along with tbe Gardinal number, 
to denote unit fractions.® For instance, for -J, and -J he has 
used the words tryam^a, sadamslaka, sadbhaga and trilava 
respectively.® He has also used an ordinal number^ instead 
of the cardinal one, e. g. saptamabhaga for 

Rules for all the 8 operations formerly noted in the case 
of purnankas (purnarupas) or whole numbers are stated by 
S'ripati in the case of bhinna-rupas {apurnankas) or fractions. 
So far as. addition and subtraction are concerned, the reduction 
to a common denominator is the first step to be attended to. 
As regards division®, kulis'apavartand} is to be undergone. 
This is what S'ripati says. ■ • 

Instead of taking up as the next topic, the treatment of 
kalasavarnc^ or reduction to a simple fraction, S'ripati deals with 
the operations of zero.® They may be represented as under: — 

(T) a + o-a] (ll) a-o=^ a [(111) ax 0 ^ 0 ] (IV) a-rO = o; 
(V) o ^o » o ; (VI) (o)® = o ; and (VII) (o)® = o. 

Simhatilaka interprets ca occurring in v. 45 given in this 

1 At times, this is dropped pTobably for the sake of metrical convenience. 
In the case of fractions having one as a numerator, only the 'denominators 
are given*. Ml avail (p. 7 ) furnishes us with such an example (sasfha for J ). 

2 Fractions having one (unit) aS the numerator are here denoted as 
%nit fraotionsV and thus they are distinguished from composite fractions which 
have any other number than one as the numerator* 

3 See pp. 16, 25, 18 and 20 respectively. 

4 Fancamahhaga (lit. fifth part) has been used as an equivalent of .J. in 
the Apastamha S'ulha (ix, 7 and x, 2) and in the Katyayana Bulba (v. 6 )* 

5 See 1^.30* ^ ^ ‘ ■ 

6 The operation of division of fractions is spoken ■ of as by S'ripati 

on p. 21, and it is explained as by Sirhhatilaka oil the 

same page. , i . 

7 This also known as 'vajrapavibrtana (cross-wise cancellation) is recom- 
mended by Mahaviracarya for multiplication. 

S This literally means ‘‘making the fractions of the same class (-yar^p-a)’^ 
i, 6. “reduction to a common denominator”. Later on, it came to imply 
“reduction to a simple fraction”. Of. the English translation ( p. 3 8| fn, ) of 
Ga^jf^itaBarasangraha^ . 

9 The two opera;tions of zero viz. addition and subtraction are found in* 
Fafieasiddhantiha^ and several others, in SfahmasphutaBiddhanta^ Later on," 
B'ridhara in his Tfis'atl. {p, Aryabhata II in his Mahasiddhanta (in the 
chapter on Fatlga'n.ita^ p. 146), ISFarayana in his Ga^itakaumudl (L 30),. 
Mahaviracarya in his GaT^itasdrasangraha ( p. 6 ) and Bhaskara II in his 
Llldvatl ( p. 8 ) and in his BljagaiQ^ita have dealt with the operations of zero* 

For further details see Datta and Singh, i* c., p< 23 8ft ' : . ' ... . 
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connection, as implying two operations viz, the square-foot 
of zero and the cube-root of zero. He states that the result 
is zero in each case. 

Kaeasavarija 

It seems that owing to the lack of proper symbols required 
for indicating mathematical operations, the Indian Mathema- 
ticians have divided kalasavarna into various classes known as 
jatis. For instance, Skandasena, S'rlpati and Bhaskara II have 
given four jutisy whereas Brahmagupta has given five, and 
S'ridhara and Mahavlracarya each, six. 

Thefour/a^Mabovereferredtoare:— 

(1) e. the form 

(2) Prahhaga i. e. the form (| of | of ^ of ...) 

(3) Bhagamhandha or a'ihdamhandhd^. This is of two 
types : — 

(i) theform ((Z+“)^; 

■ and (ii) the form of of 

{4) BMgapamhc^ or bhagapavahana. This is also of 
two types:— 

(i) the form («-^) ; 

C JS® ® ^ J! 

- 

1 This is translated as a ‘simple fraction’ by M, Bangacarya on p, 297 
i^Gar^itasam$angmha)n On this page wo find hMgahhaga^ hh^ganuhandlm 
and hhdgapamha translated as *a complex fraction’j ‘fractions in association’ 
and ‘dissociated fractions’ respectively. 

2 For a negative sign, a dot is usually placed to the right of the number 

and slightly over it. Of. ^oFI?fn% (P*^) of 

Bhaskara II. In a Bakhshala Ms. recently acquired by Dr. Datta, the simple 
cross ( 4- ) is used for the same purpose. This is what he writes to me. 

3 This is the term used by S'ripati, See p. 34. 

4 This form represents an association ( anuhandha ) of an integer ( rupa ) 
and a part i. e. to say a fraction (bhdga)^ So it is styled as rupa-bhdgmubandha 
or bhdgdnuhmdhasahitdnha4 See p. 35. 

5 This form represents an association of bhdga of bhdga^ So it goes by 
the name of hh&ga-hhagmubandha or hhagdnnhandhabhdga* See p. 35. 

6 Practically there is no difference between this and bhdgdnuhandha 
except ihat herein there is subtraction or decrease, instead of additSon of , 
increase as is the case with ihMgdnuhmdha^ 
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Over and above these four jatis*, some enumerate two 
more. They are: — 

(1) BMga-bhaga i. e. the form or (f-j-l)- 

(2) Bhaga-matf i. e. combinations of two or more of the 
five mentioned above.® 

VallIsavarnana 

As the next topic S'ripati introduces on p. 39, valUsa- 
mr^ma, and on the same page gives us a rule whereby we y 
can reduce a chain of measures into a proper fraction. 

MiSGELLANEOUS PROBLEMS INVOLVING THE USE OF FRACTIONS 

Just as Mahaviracarya has given ten varieties* of the mis- 
cellaneous problems involving fractions viz., (i) bhaga, (2) s'esa, 

(3) mula^ C4) s^e&amula, (5) dviragras' esamTila^ (6) ams' amula-, 
(7) bhagabhyasa, (8) amdavarga,{gy mulamis'ra and (10) bhinna- 
drs'ya, so has S'ripati given 9 varieties as under: — 

{i) Drs'ya, { 2 ) desaf {'^) vis'Iesa, s'esamula, {yy)mfda. 
grabhagay (6) ubhayagfadrs'ya, (7) bhinnabhagadrs’yay (8) bhaga^ 
mula zxib. {q) htnavarga. 

i!i.t a cursory glance one can see that the 2nd and the 
4th varieties are completely identical. Furthermore, on com- 
parison, it will be found that (i) the first variety in each case 
is the same, though differently styled®, (ii) same is the case with 

1 Cf. Datta and Singh, 1. p. 1903. 

2 Since there seems to he no special symbol to indicate division, this is 

a 2. 

written as 6 , and it is hence likely that this may he confounded with a + - 

c J 

also written in the same way. 

3 Mahaviracarya has noted that there can he 26 (=5C2+®C3 + 5C4 + ®C 5 ) 
combinations. 

4 All these ten varieties are explained by M. Itahgaoarya in his translation 
(pp. 70-71) of ffoip.itosdrosawg'roAa. 

5 In order that this remark may ha realized, I may reproduce the 
pertinent portion from the English translation (p, 70) of Ga^itasarasangraha- 
It runs as under J — 

“The Bhaga variety consists of problems wherein is given the numerical 
value of the portion remaining after removing certain specified fractional 
parts of the total quantity to be found out. The fractional parts removed 
are each of them called a hh&ga, and the numerical value of the known 
remainder is termed drs'yaB 

From this it foflows that MaMvirScarya while naming the first Variety 
considers hhdga as an important factor, whereas S'rlpati, drs'ya. 
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bhagamulcL and aih^amula, and that (s) mfdagrabMga seems to 
be included in As this comparison can be easily carried 

on, I need not dilate upon this topic. I shall therefore say a 
few words about the next topic viz. vipantoddeiaka. Herein we 
find that every operation is inverted that is td say we have to 
begin from the end and make addition subtraction, subtraction 
addition and so on. For this reason, this method of inversion 
is called vilomagati^. It has been noted by Aryabhata I in 
his Aryabhatlya {Ganitapada, 28), by Brahmagupta in hig 
Bmhmaspkutasiddhanta ( p. 301 ), by MahaviracSrya in his GanU 
tasarasangmJia ( v. 286, p. 102 ) and Aryahhaia W in his Maha~ 
siddhanta 

Proportion® 

Under proportion we find that S'rlpati has dealt with (i) 
trairas'ika^ or ‘rule of three’ and (2) pancaras'ikcd or ‘rule of five’ 
(pp. 75 and 80). He has noted two \?LiciQtxe^ oi traifas'ika: 
{x) sama and (ii) and he has furnished us with examples 

pertaining to saptaradikc^, navaras'ikc^ and ekadas' arasHkc^ . 
Furthermore, he has treated problems on bhandapratibhdmia 
(commodity for commodity) known as ‘barter’ and those on 
jlvavikraya under pancarUdiha, since these problems are associated 
with compound proportion. Thereafter he has taken up the 

1 Cf. the following passage occurring on p. 70 of the English translation 

oi GaV'Uasarasangraha : — 

Mula variety consists of problems wherein the numerical, vain© is 
given of the portion remaining after subtracting from the total quantity certain 
fractional parts thereof as also a multiple of the square-root of that total 
quantity*” . 

2 Of. the word mlomahriyd occurring on p. 67. 

3 Aryabhata I styles it as aw 

4 This literally means three rds' is (terms)* The Prakrit word rdst 

bceuring in the 747th sutraof quoted on p. XI, may mean rules of 

three, five, seven, nine, etc. The word mentioned by S'ripati on 

p. 69 occurs in the Bakhsali Ms., in the AryahhaUya and in several other works 
on Patiganita. See Datta and Singh, I, c*, p. 204. 

5 This may be translated as compound proportion. 

6 This is known.as the ‘^inverse rule of three’'; for, herein, the, proportion 

7-9 'All these three varieties may be styled as 5a A the word used 
fey Siruhatilaka on p. 70. . ^ 
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topic known as mts'ravyavaMra, and ha.s dealt with various 
problems on interest. Before we refer to some features about 
this topic, we may note that S'rlpati has used three terms, viz., 
pramana (argument), ahhtpsc^ (requisition) and phala (fruit). 
Usually we find the word iccha used for abhtpsa? Even Arya- 
bhata II who has used® mana and vinimaya for pramana (the 
first term ) phala (the second or middle term), has used 
the word kcha (the 3rd or the last term). 

While dealing with the topic pertaining t o interest S'rlpat i 
has used the terms mula (p. 83) zndi miiladhana (p. 75) 
‘principal’ and (p. 75) for ‘interest’. 

As regards problems on interest, it may be mentioned ^ 
■that even in the time of PStiini^ interest seems to have been 
charged on the money lent, and that different rates prevailed 
amongst different classes of people is borne out by Kautilya’s 
(R. Shamsastri’s edn. Ill, ii, p. 214)'. 

It will be interesting to trace the origin of different prob- 
lems® given by S'ripati, but I have to reserve that subject for 
future. I may however note that the problem given on p. 41 
tallies with ex. 25 of Tris'att of which the origin may be 
traced as far back as the Arthas'asira. Furthermore, the 
problem given on p. 70 (v. 89) is same as that given in Tris^aii, 
except that there is a variant vada for dhanam, and that the 
first problem given on p. 74 seems to have been adopted from 
TVA'dt/z (ex. 38^ p. 17)®. 

1 This word occurs on p# 68 in v. 86. Herein we also find its equi- 
valent samiccM. 

2 See AryahhaUya, BraJimasphuiasiddhdnta (p. 178), Tris’at% (p. 15) and 
Oaxi^itasarasangraha (p. 58). Cf. Datta and Singh, h c., p. 204, 

3 ^QBMakdsiddhdnta{'p. l4i%)^ 

4 See Astddhydyl (Y, I. 22, 47 and 49). 

5 Cf, Datta and Singh, c., p, 218. 

6 I have come across two articles in this connection: — 

(i) ‘‘On the origin of certain typical problems by Smith, published in 
''American Math. Monthly’’ voL XXIY, No. 2, February 1917, p, 65. 

(ii) “Typical problems of Hindu Mathematics” by Gurugovinda Chakra- 
barti M. A., B. Sc. published in “The Annals of the Bhandarkar Oriental 
Research Institute” voL XIY, pts. 1-2 (Oct.-Jan., 1931-33,) pp. 87-102. 

7 For its translation into English see Datta and Singh, L c,, p, 207. 

8 For other details see pertinent foot-notes of Appendix I. 
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I need not dilate upon the outlines of Ganitaiilaka any- 
more, since these will serve the required purpose. So I shall 
now say a few words about the author and his other works. 

S'rIPATI’s LIFE AND WORKS 

Very little information about the life of S'ripati can be 
had. from Gmitaiilaka. From its verse given on p. 6, it may 
be inferred that he is Mahes'vara or S'aiva by religion ; for, 
faereia he has referred to Mahes'vara. This inference is corro- 
borated by the fact that in the 2nd verse of Siddhantaiekharc^^ 
he calls himself “the best of the Dvijas (Brakmanas)” , in case it 
can be safely assumed that it is the work of Ganitatildkdkara. 

GanUctiUala is silent about his parentage and birth-place. 
At least some information about his parentage can be, how- 
ever, gathered from a verse occurring in Bhruvamanasa 
composed in S'aka 978. There it is stated that he is son ©f 
Nagadeva, son of Bhatta Kes'ava, and that he composed this 
jyot^dasira in Rohiulkhauda, perhaps his native-place. In the 
beginning of Jyautisaratnamal^ alias S'npaiiratnamUla^ S'ripati 
has mentioned the names of Garga, Varaha and Lalla. From 
the introductory verse of Jatakapaddhati, we learn that 
Sfripati composed this work at the request of his pupil or 
pupils. This leads .us to infer that he had at least one pupil, 
if not more. 

This S'rlpati is an author of astronomical works such as 
a karapa-grantha, and Siddkanta^ekham. He is not only 
a celebrated astronomer but also a famous astrologer as can 
be seen from his astrological works Jymtisaratnamala and 
DaivajnavalleMa. He seems to have flourished not earlier 

1 This seems to be based upon Varahamibira’B PancaaiddhanfiM and 
Brhataamhitd, Brahmagupta’s BrdhmaaphMfaeiddhmhta ajad LaUa’s S'isyadhi- 
vrddhida. 

^2 Tiiis work has leen A.©, 1934 idtli English translation 

and short notes hy Mr. Narendra Enmar Maznmdar m. a., in the '‘<Oalontta 
OriOTital fofurnal” roll, pp,fB6-'^99. Sewral Tersest! i&k iisrork occur in 
'SidM^mias^&khara, 

3 It deals with solar and lunar eclipses and Is elucidated in the com- 
mentary styled as Udaharana, See "‘‘Besoriptive ‘Ofidialogu© of ©amski'ta and 

Prakrta Mss* (B, A. vdl/I, p.481* 
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thaE^M author of rLag/mmMdsa^j a kara^^-grantha 

;( 932 A. D.) ; The^^'O^ is not yet known; 

but' it is certain that he is in no way posterior to BhSskara- 
'carya^ and that" he wrote his'- StddMnias^eMara in about 
: I040 Ar D. " Herein he has Cfiticked ■■ the , unique doctrines 
of the regarding their, conception about two sunsj 

two moonsj a double set of stars and planets and the pyramidal 
shape of Meru.^ 

Works — 

(1) D/iUoizda--^arana g6 / 

(2) Jyautisafatnamala alias S^rtpatiratnamala^ . 

SiddMntadeMara, 

{4) DazmjnavalhMa, 

(5) ^J^takapaddhatiy 

1 Holies been Miffed t<i tod 6 t 0 ii followed especially in his method 
of todihg the pricessional rate, by the great astfcmomer and mathematician 
Bh^kara, 

2 Thibant observes ia his inlfodtetion (p* YIII) to PafbomiddhdntiM 
that this is a oompendiotis astronomical treatise which does not set forth the 
theory of the subject at a comparative length as the siddhantas do, but only 
supplies a set of concise and often only approximately correct rules which 
sufijoe for tbi speedy performance of all the more important astronomical 
calculations, 

S Abdut him SptJttliWoode has observed that he is the most celebrated 
Indian astronomer. His birth-date is 1114 A* B, At the age of 36, he 
composed Siddhantm^Tomaii^i divided into two parts viz. Golddhydya and 
GraJhagai;^Uadhydya ahd having PdUganita and Bljaga^ita as its appendices, 
fie composed at the age of 69, Kafa'^ahutHhala, a karana-grantha. Mjo- 
pm^yd which is a short treatise on the corrections of the moon’s place and 
which is quoted in Vdsandhhdsya is also attributed to him by some but this 
is dotibted by Mr, Sttkumara Banjaii Das, who is at best prepared to consider 
it ai ah ap|jeildijsc to 

4 See Maxniulier’s ‘‘fiistOry Cf AhCieht Sanskrit Literatlire’^ aJnd **Iiidiah 
Historical Quarterly’^ vol, Yll, p. 140. 

5 Madhava (S'aka 1185) has mentioned S'ridhara in bis commentary on 
S^rfpati’s MatnamMa, 

6 Jdtahakarmapaddhati of S’ripati has been commented Upon in Sam Vat 

lit S fey iiiiiittihaf^a Ganij ptptt nf fiatiaratna, ptpil of lldayarsja cJa^i, 

f S'ripati is <|tioted By ®lma'(l?thcentitry) in his 
See “Descriptive Catalogue of Samskrta and Prakrta MSS”. ( B, fi A, S^ 
vol# I, He is also queiSd by Kes'avi m Mi Midkti^ddMii, IMd#, p, Hf, 
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; . - (6) Ganitatilahc^ . 

(7) Bljaganita. 

(8) Dhfuvamanasd ( composed in S'akct 978 f. 

Siriihatilaka Suri, the commentator of Ganitatilaka 

has mentioned in the introductory stanza of his commentary 
that he is a pupil of Vibudhacandra Gauabhrt. In this work of 
his, he has given no other hint about his spiritual descent. All 
the same, from the colophon of Mantmrahasya seems to 

be composed by him we learn that his guru Vibudhacandra 
Suri is a pupil of Yas'odeva Sflri. 

At the outset of his commentary on Ganitatilaka, hQ 
has mentioned Kundalinl Devi and another Devata probably 
named as Sahlada. 

There is a work styled as Vardhamanakalpa vfho^e author 
is named as Sirhhatilaka Sflri. There is another work viz. 
Bhuvanadipikavrtti of which the author bears the same name. 
But it remains to be ascertained whether these Sflris are 
identical with GmitatilakavrtiikUra. 

Works etc. referred to in Ganitatilakavrtti 
JJilavati — 

Simhatilaka Sflri has referred to Lllavatt on pp. 9, 42 and 92. 
From this it is quite clear that he neither alludes to a work of 
the same name composed by Nemicandra* (990 A. D.) nor to 
a work viz. STidharacflrya's commentary on NyUjakandali, but 
that he definitely refers to the Pa^ganita, a part of Sidhhanta- 

1 The existence of this work is now no more a matter of mere inference 

to be drawn from its being quoted by Munis'vara alias YisVarupa in his work 
styled as Llldvatwivrti, The reverse seems to be, however, the case with 
Bljagmyita referred to in L%ld'oatlmvTt% the source of its Ms. if any, 

remains unknown. See Dixit, p. 315, 

2 MaS jula’s Laghumdnasa or Brhanmdnasa seems to have been utilized 
in composing this, work, 

3 There are two other works Ym* S^r^atinihandha and S^T%pati$amuccaya ; 
but, whether their author can be identified with our S'rlpati or not remains 
to be ascertained. 

. 4 See Guerinot*s de Bibliogaphie Jaina (p. 403), 
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s’iroman^ of BbSskarScarya who completed this work at the 
age of 36* ( i. e. in A. D. 1150 ). This Bhaskaracarya has com- 
posed also a commentary called V^sanM/iasy a on Grahaganita- 
dhyUya and Goladhyaya, the two sections of Siddhantas'iramani, 
Besides these, he is an author of Karanakuiiihala^. 

That many mathematicians have exerted themselves in 
commenting upon Ltlavaf^ will be clear from the following list 
of commentaries mentioned by Dixit on p. 252: — 

(1) GanitamrtasUgara by Gangadhara composed in 
about 1420 A. D. 

(2) Vriti by Mosadeva composed not later than 
1473 A. D.® 

(3) Udaharana^ hy Vlxedvara. 

(4) yi«'?r/aiS 752 i«bySuryabhatta composed in 1541 A.D. 

(5) Lilavatlbhusana by Dhanes'vara.* 

(6) Ganitdmrtalaharl by Ramakrsria composed in 
1 688 A. D, 

(7) by MunTivara alias Visvarupa. 

TVA'a/* AND ITS AUTHOR S'rIdHARA 

This work well-known as THs'atikd and referred to by 
Sirhhatilaka Surl as Tfidati in his commentary ( pp. 4,9 and 39 ) 
on Ganitatilaha^ is a Pdtzgamia composed by S'ridhara in 

1 This is published by M. Jha in Pandit^ new series, vois. 30-33. For the 
study of this work, Cahgadeva, a descendent of Bhaskaracarya, founded a school 
in A. D. 1206. Cf. Ppigmphica Indica yoL I, p, 338 

2 Compare what he has said in — 

iT?ti '’■c ii” 

3 This work also known as GrahdgammhtUibhala and Brahmatulya- is an 

astronomical treatise in ten chapters. It was composed in A. D. 1183. Cf. Buffs 
Chronology Thibaut’s Astrologie und Mathematih'p, 

Bixit pp. 246“254, Winternitz, Gesohiohte III, p. 564,*Bhandarkar Eeport for 
1882-83, pp. 26-27, I, 0. No. 2925, Bodlin Catalogue No. 1530 etc, 

4. This was translated into Persian in A, B. 1587 as ordered by the Mogal 
Emperor Akbar. 

5 There is a Ms. at B. B. R, A. S. dated 1473. See its ^^Bescriptive 
Catalogue of Samski^a and Prakrta MSS,” vol. I, p, 91. 

6 Herein are quoted Gay^itakaumudl (1357 A. B, ) and LaJcsmadasa- 

WsVa ( 1501 A. B. ). . , 

7 He has quoted Ampahupikd (Gcfi^itanirtakupikd)^ 
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Sansktit* Aecording to Dvivfedi®, it contaitis 300 torses la 
the Srya metre and hence it has this significant title. 
This Tri^atl deals with ankagctniia and ksetraganita as well, 
Herein we come across several terms such as stambhoddes’a^ 
pratyntpannc^ etc, not to be found in Ltlavati. The hemistich 
beginning with of S'ridhara* which is quoted 

in GanitmUrasangraha ( i, 52, p. 6 ) cannot and does not form 
a part of Trls’aU as can be easily seen from the difference in 
metre. So it may be that this hemistich belongs to some other 
bigger work of which Tvls’aR i^ an epitome. Or it may be that 
this belongs to the Bljagat}ita of S'ridhara who is referred to 
by Bhaskaracarya as hijaganitakara. There is a work named 
Jatakapaddhati^j the author of which is also named as S'ridhara 
and which is commented upon by Kes'ava in S'aka 1418. 
UyayakandaU composed in S'aka 913 is a work of some S'ridhara 
born of Abboka, wife of BaladeVa. Sudhakara Dvivedi opines 
that he is the same as the author of Tns'atikU. Competent 
scholars may ascertain if these S'rldharas can be identified as 
Tridaiikara, 

Our author S'rlpati seemS to have closely followed 
and it appears that he has borrowed many things from it. 
Three examples® of S'ridhara have been expressed by S'^ripati lit 
different words, and in some cases details have been somewhat 
modified.'' 

1 This work has been edited by Sttdhakara D'^ivedi in A# D. 1899, Beridi^es, 
and has been printed at the Nirnaya Sagar Press, Bombay, Its rules have 
been translated into English by N. Bamanujachariar with historical notes in 
Bibliotheca Mathematica voL 13, No, 3, p, 203 S,, (19l2-13)j Bee Dutta and 
Singh, 1. c., p. 250, 

2 He makes tip 300 by counting the solutions as 130 verses^ Othert^ise his 
edition contains 180 verses, 

3 We come across this term in i^ofks of Brahmagupta and in 

Por the Prakrit equivalent see p# XXI foot-sot^ 5, 7 arid 8, 

4 See ^♦Descriptive Oatalogue of gamsk|ta rind Prifei-ta | B. B, Ei A, 
S*)voLI^ p. 78 and Colebrook’s miBceUmemB eemye (voh II* pp. 422, 489 
and 500), 

5 CL p, foot-note 1. 

6 See p. LXI, 

7 I am told that there is a MS, of T¥%B^at% belonging to Sheth Kasturbhai 
Dalbhai wherein are noted letter-numerals up to 10,000. Even if this is true, 
I cannot fay definitely whether this is the same work as the one described , 
unless I get a chance ci liasdtirig ife# Mf, 
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Simhaklaka has refered to some work on p. 85 I 6, but I 
am not at present in a position to ascertain it. 

Now I shall say a few words about the critical apparatus 
used in the preparation of this edition of GanitatUaka along 
with the commentary. It is based upon a single palmyra Ms.^ 
written in bold and legible Jmna Devanagari characters with 
prsthamatrm. It consists of leaves. Of course 

the last two leaves which are blank* are not counted here 
otherwise the total number of leaves comes to 173. The size 
of these leaves varies from 13" by i. 4" to 14.9*^ by 1.5". 

Every leaf is numbered twice, once in the margin to the 
right, in ordinary figures etc., except that 9 is in the Jaina 
style <!i and once in the margin to the left, in letter-numerals® 
such as i, |r, H?, ll, t, sIr#, C, f for 3,3 efc. 

Excepting the leaves 1“ and 173^' which are blank, the 
rest are written in black ink on both sidles with 4 lines, each 
containing 52 to 57 letters. Leaves 60* and 61® are practically 
illegible, owing to their being smutty. 

This Ms. presents an appearance of the work having 
been divided in two columns but it is not so; for, a line of the 
ist column extends to the second. Each of these columns is 
bounded by three lines in black ink. A string runs through 
the space between the two columns. 

This Ms. is placed between two wooden boards sufficiently 
strong, durable and 15-4'^ by 1.8" in size. 

1 I aipa led dio Relieve »that is m> other Ms. .©I this work .ayskilable else^ 

for, .1 hjgKVe IgOJ noir ;ao reply in QonneofciQn with inquiry 

made by me in my article ‘‘A note on S'ripati and his Ganitatilaka’^ published 
in “The Indian Historical Quarterly’^ (Tol. Till, No. 2, p. 351). 

2 The lejaf 103rd ^appears to be repeated, but really speaking the I04th loaf 
is wrongly numbered as dOfed, “the foUowing hence numbered as 104, 105 etc. 

3 L©ai?ies 37th and 64th .are laoking. 

4 In spite of this I think, the present work is incoruplete. 

5 For full details of the method of -expressing numbers by letters, the 
reader is referred to Dr. E. Eaelhond^s Eeport on Sanskrit Mss. published at 
Bombay in A. D. 1881 and also to Pandit Bhagvanlal Indrajfs article paWy^ed 
in Indian Antiquary vol YI, p. 43. He .may also refer to iay Appendices 

.in- ‘the Deseriptke ^talogue ■<rf J^ipa {Povt, 

collections vol. X YII, pt. II). 
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Leaving aside the fact that for saptavims' ati we have thro- 
ughout saptavimiati^ and some slight mistakes here and there, 
this Ms. is fairly correct. At times we come across a few cor- 
rections made by a scribe; so, on the whole this Ms. is reliable 
and that is why with the help of this single Ms., I undertook to 
edit this work. This Ms. contains both the text and the com- 
mentaty, the former written in verses* and the latter in prose, 
both of which are in Sanskrit. This Ms. begins with m Jiiit 
cfifcnCTJir«T® and ends with U s 11 \a, and that the nyasas are given 
at times in vertical lines and at times in horizontal ones. It is 
in a good state of preservation, though a portion of the first and 
the last leaves are in a fragmentary condition. 

The age of the Ms. is not mentioned, but looking to the 
fact that palm-leaf Mss. were not mostly in vogue after , the 
15th century and that the commentator belongs to the 14th 
century, the age of this Ms. may be looked upon as the 15th 
century as the earliest limit and the 1 6th century as the latest. 

Plan — 

As the entire work is not divided in the Ms. into chapters 
or any other sections which could have facilitated the reader 
in comprehending its contents, I have given a table of contents 
in Sanskrit. Whatever appeared to me to be superfluous has 
been placed within rectangular brackets [ ], while what 

was to be suggested as an alternative or as a supplement has 
been indicated' in parenthesis ( ). 

The portion commencing with srw given in the Ms. 
on leaf 122* and printed here on p. 62 ought to have preceded 
the etc. written on fol. 120"' and it is hence so printed 

on p. 62. 

I have given three Appendices in the end: (i) Examples 
and Answers, (ii) Tables of Measurements and (iii) Sanskrit 
words and their numerical significations. Out of these so far 
as Appendix II is concerned, I may state that not only the 

1 This ■word has been retained in v. 13, p. 3; in other eases it has been 
replaced by saptavims' ati. 

2 These are not numbered in the Ms. 

3 From this salutation it may be inferred that the scribe is a Jaina or that 
he has transcribed this on the basis of a Jaina Ms. 
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tables recorded in Gmitatilaka, are given but some more from 
several other works. 

In the end, I may mention that it affords me great pleasure 
to record my indebtedness to my friend Dr. Bibhutibbusan Datta 
for the matetial help I could derive from some of his excellent 
contributions in the mathematical field, and for the valuable 
suggestions he made while going through the proofs of this 
introduction. I have also to offer my best thanks to Sheth 
Mohanlal Hemacand Jhaveri for his having lent to me the 
palm-leaf Ms. ^ above referred to. Furthermore I am highly 
obliged by Dr. B. BhattacSrrya M. A., Ph. D., who most 
willingly included this work in the Gaekwad’s Oriental Series, 
and thus gave me a splendid opportunity of editing a work on 
Mathematics, a favourite subject of mine. 


Bhagat Wadi, Bhuleshwar, "I 

Bombay. I HlRALAL R. KaPADIA, 

5ih May im? J 


1 It is not no-w -with me j for, it has been ere long returned to him, 

2 Since then, soma additions have been made while going through the 
proof-sheets. 
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^«?[%-^qi% wfte f% I 5wi^ w«rT-{M’} i 
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w { "^ } I ^rmmrffh^iT 
mm «^#rfl?irt2^|y?T mm { ’v}i ^i 
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^ 3rtNr^^fe(^)^Hra[T 

si’sfi^ %rwf^(^)OTwr 3fTO i mi 



^ imi 

i;^ TO {51^"} 1 3r^s|^»T%^ 

wt 555^ to 

\ m mm ai^tsf ^ ’^ft^lf^(^)- 

’iTO^^ m to 

^ ^ vo} 1 ^ .M?sr^t^^^5i3T%^i2[s, TO { 1 



3r«r 31% g?TOs?ww^55i ^m^ 

54?it m wn# m { cUliUli } i 

5f j m'mh i sn^ I 

^r^“3|S5«iTTt 3miTSit^TT^^g[, ^«1T 
pfif ^ srm flwf^(^)5m%5r #r^ ft h 

sn^T sppft 3%Tt 

I nit m mt 

{ ^v>fo} (I 

it 3[^ \ m(.t r?n^t { ^ | < 1 J 1 ’ o } i j%#sf j ^o 

mw*i g5*iTf^-#OT i^^T^rmwrt^ I srrg^ ^35 i ^nini 
mni, mt ^gurr ^it ^rrai n^t ^ri;^ 

'^Tfgwf^(q5)fl:?o^^3r?nrr gte mtt '^Tr^Jir^(^)fl:^^^- 

11:551^ I ^r^sn { =t^^» } i %^grrjrt ^^urr- 

*ifRt^%5r {^vU^cUiv.} I %jr«ri^^^^TFr5Tr-»'^ 
^^nt\ ?r^s^%KT^wi%T f^^s«i- 

in n nm ^ n^tf n '^^TTt?r^(^)^g^TOTw: i 

n^ mm I ^(^) 

TO { I V I , ^ V [} I ^flgq- srrar ffIrM 

^SPJTT to { 4^= } N- 

TO {4^} I %4 %ffgr I TO^gr- 

'^^?aT5rf srr^ nn^ to TOi%3[f%(^)3:n%%TOJit mm 

I to-{.vJ.|,>.v«} hv 

^^|^5«irr I to 

Wm T%%|1T TOf' I 

5f^or ^ mtnt nn l nm nn^ fc%f irri^, 

TO { .4’nkoUo } I min %TOf^(^)TO- 

? ‘§3%tsfRn1^’ ^ I 



m 1 w U^tli} ^- 

^ mn ^ irg: m- 

3^4 mt I mt tog«ir ^ 

m sri^ ^if r w m^it % w Hcoc \ ^ 

%\h I qir^t^#4^^afr^5#ir Tf^ 

m mil §:#?a^ i ^ T%^?nii^5T ^ w 

TO ^ I m ^r«T ?r (sr^O ^q^^'rr ^j, ^ ftwr 

^|l ^ ^#T3{S- 

555^ ^«rr l ^^ooo | 

^ 'S'lft m\ 'T^fTJir^ TO 

(^7%, ^^\ {?^} I ^ jr^rmsrrtt ^TfnHT ii 
m 5iTT»np?«r5rT#T ^m— 

’«n«t %^“’5|r^ Ir^lw 

^^TTW— ^’TTpgr 

l3:^TOm^fciv5[ 1 5rf^ 
mm fpmTg(5r?5?)^rT^^ 

m ^9TTi— 1 3r^s^?Fl;3[^#qTJii^^ 5^r-gor- 
tor mw’iti^«ir“3r%^^f^HT^5%^t(%inf!=^r^-g^ 

I II 

si4 ^ TO^T^tWif l%^|— ' 

’5R^W7TT%tK, B r^ erf # fl^rT^ 

TT^T ^ #r^ ir 

^55?TTf9T m m¥^ ^ fl:^4 

\ m m^\ fw {’^1^11} i m %?t- 

? ^oft I i??^fcrr^53::-“5^iAr =^:f%^r ^rlMt” I R jrrni^jr^l 



fwTOCJ 






fi'TTfSr^ mm I m mm 

^ {"v} I fl:#nf ijr^ m^ 

^ I smmq^ fs^^t) { I } \m 

snrl'hOs'b^Tn^Pn# ^ 1 1 f } t torf^jrr ’^ff 

5M TOf mmt fl:^ srrar^^^Ht \ *« 

^ mmt 1 ^%, 

TO { ^ v) i srsrrlrawTl to { I } 1 sr^ l%r mmt i?,, 

wi^^^srrm: TO {3} i I^OTi^^iTf^JrT '^- 

toI^'iII} i ^fitirn 

5n^ §:r3[^> TO{’iU I 

'^«inj m sTMssTfl^j^ 1 

ST?[¥#^^C^ TO { ' "^ } 1 f^TO I 31%s|^tqr|^^ Kj|it T^ 
^ m^^Vf TO ill) \ 

m TOT3^5TO%rf??jr TO^wRrftfrrf 

ITOf — 

fr(53 ?)TO^ Btwft 1 

5w 5rr mm^m H" 

55ErTTO— ^ TO^TO TOM 

fr^^TOPril ?5rf|^ 1 to m^- 

^ ^’iiTO^iTO*M m g% ^ 

TO TOrg^^M to 

toTO m w#r g# ^ TO^'tTO 

gro 54w m ^ ^oTO^r 


Mr I TO’s^tot gsw 


I Vi 


m ?r*g«»f!^«iiTOrMT I w 5r«w TO^rorwM 

^fTTO^m^t [ toTO I srrmr to{ ^ } I 

? W {?^} I ^ ~ 



mik w PI 

it^T mi sr^T I sf^i^ rn^mi \ 

^ mit ’T^^rslJ^eTv 

w {’<} isr^: wpi| \m 

^i m\ ?rTW%^ ^m- 

m mi i ^ 

t mi { U } I mw* ^5gnf p Jj j ^ 

W^^\ fe|^5iraiH%^n?n?4 ^nf^rt l ^rar 

10 '^3^t^2[f%(^)?5^^l53[T{ ;} 1 %4 ST’T’PJf t ^ m^i II 

|l| ^ 

^ I f?^r mix Wto# 

f^«ir I srrar^raTsr^- 

l%4g^^i:i^!rs^»«r«iT {■*?} i {’i| i 

?rH I m[it 3nHf^=%3[T:, ^^l 

{V^}\ 

«T^ 3rT^ I 5:T^f^i# mm 

51^, w {H} I w {-^} i srt 

^o mxKm ^ srr^ i g^s^- 

^m {"\ I n } I n%^it 

I qi3irT§:T3[^3rfm sjgHirJ I wf i 

^ m^ ^si=^!%«[f^(^)^ 

TO r\^} I OTSi'^TT wt 

wm TO {^J I ^’TOP?^- 

m^t gw II 



(m) 





5?rTW — ^ ^rrirnff^TOi^ ^t*tt w 

wf*n smTir^ ^ ^T»TmT|5rM ^ 

¥rTJTT^ I 
^ l^i^fr^'iT^ ?[#(% I ^ ^5<Tf^;r i?? 

fT I m srrorsrl^ sr^s^- 

srmi^ I n 


;^0T^R% ^’PTsr I, wrmrfsfij; ir i4 
sin w— i %ifiT^- 
^sfr: ’i^5[f?in&^ ^fr sr^ Pf^rj i It!., tor! 

^ ^ I Jr«i’^t?iOT«Tr?rs 

{ : ?|oj|o j } I ^RT ^«Tr n^niif i ot 

5lt?5?w^r^?3'^t ^sm 1 smtr i 

^or ^ sttA ^ I srra ^ ^rt {1} l 

q5?T, { 3 } I sr^T #t3rnTt ^^rsi^TRwrf^ irn^ 
i53c^^^ sTT^ ^ I fl^fl^nf m i 

^ TO {^xi} ’ TO 5r«r^sf r^^t ^ i Mt^k 
figor i3C5^ 5n#T ^ I f^i ^ srmr^fr^M 


srrnr 

sg, TO {’'^} i ?w TO 



? 5f^<lt55?Fr I ^ 


w §:to w {’?|} I <i’rit'^5#rn *T^5ngfr =^3- 
#r^ sri^ §ra» i { i 

sfT# §:T^^Fli3[^, w { "11} i %4 

§:i?[TOint> TO {’U I 


r ^ \ 

o <5 

1 

r n 

v 

o <i 

Ism TOTH 

f O q 1 

i ^ 
o q 

inj 

1 

l“^J 




mi kilt 3rw5r^?r fl^ mi\k te- 

^rm, ^ TO mts^%?[\t {1} \ ^^wtoNtts- 

mutt TO |o|| 1 1^ ^or ira[i^lr ^pm^i mi \ 

3rw5r5f^«i5^'n' 

3[ I mit TO {^^ I miv^^mr* ^i^t 

f 3i^l^-f|?r srr# 

I TOcR^wi^or-^ ’rsa^roM ^ 

Pm^\ sTOi%g;'^ 32 f’cWTft?a^(^)^w^ to { ^v?} i gor^j 

TO {’^v} I snr ^ 

m 5(iTg!rteT I sisr mm i g 

=*• TO 3w{ {o !| I ?|:t te^'jr gor^g; , 

mi 3rsT?[^ 1 3?w^55lt5if^ir ^^^m^ 

|RrR[> mill T8iTST?[?j^%^j {^<} I I 

4«Tv to {u} l srqtf^ g^^, mi m- 

fife I TOTOferi^ '^f%«JT ^[%«ir mik m 

mii TO {»^} 1 3pHt%fTO# 


? 3T3r qissT^RTf ?rwTr55Tl ( 




iw^j WiWTO^ \% 

rm wm {.v} i ^ 

%iT wm m 

w {^v} I 3r;^^^?q:# grqft 

¥iT3JrRmft^^ w { mm ii 

5fsr fwf— 

3TI^ 

rT5rf^^hn'«r^}%fT § » 
sisut ^ 

^’S?rT^ frn?^ wm^t \C i» 

5?n^— srpiTT^T !I%qT I 3|f f^- 

wfw ^^?nmTirc^T%^ m ^irNt 

I sr^f^q i gqr sr^:^- 

M m\m ^r»iT3^f«i3ni^R[ mw w^ras# 

I sr^ ^ngrg^- 

^ g ii 

3T^^TO% ^^isofcur^Tr^— 

fir^ I I *10 

rRl^'HT 

SSETT^tjiJrrf gro: h" 

sJTTW— 5[«i§:5rg> g^sn »rs^ wm ^ 

g5tM*» ’TSf prn I '^g«^f^^!prpiw '^- 

I m mk* ^«*rr wrw^^Jir ^nn 

T^T^fTTsfi: 1 lfl m 

^ ^ |«q% I ^'4miT ^%^'T^?;iPrt 

f?fTg; l^jrtor 3Tf§:?n^f^ 1^ 

?-R ftf^i ji 


mrM TOft ^ I ^ S^ 

1!|} I 

^ I 'sn^r ’it^- 

w { n } I g»iF^ 1 sreiTw i3[^T srer 

«* '^^?Ttq55^«nr ww^h w {n| I 5rT^|j^ 

I sitgi I ^5!iT 

f^ 8 C- 

m\^ 5R«TOif?[4;n^ ^ I 

fl?gl^^3;?[r^r?sFrJ>iT'^V i 

^j^ft goil^^ sn^ mx 

f^T jn?]3i?i»^#5i’7sti?P[f^(^)w w^^y srrat 
1 3 i 5 r 3 [«*n^- 3 i«TJil^^ mx 

w { t^Co ]• I mrm p?j| 1 m ^- 

W^irRi: mmt I m 

5 ^ , mx ^ I 

g,%l W[?trif^ srqR^^ ir^n w {’h55o} i 

m {?»t5} I srqi^^^qf^ ?n»t ^ 
^ ^ ^qif i 1 q^i^cwq 

?ffk^> ^ i^q^T^ ^^r ^m {5155} I srer s[?prgfqwr 
wk ^ qwq>irrj, ^q^f : %q^qTf^k;q;)f|-?jgFTM ^^?r- 
5i*» ^if^^wrm^Tq ^iiprr s^t’ qfe^ I ^i^rt qjrf^tjft- 

ftJSRft I mi ^=q 5 %wr mxxm^ qjq^j. 



1 ^ ^5r^ OT- 

at^, m i m wh {?} i 

I?# (aanR[) H 

anr wra^ 

sirrfqT—i^^rr^^rsrt^ ^csrrf^ aser ^ 

sn#!^ 

gf 3n^4 ^ i ^ 

^ ^ anTRf '« 

sroteTO?; 

^ ^^TTlVr II 


^ ^y^iw*, ^ §r?rfTt t 

^’3fT^[^ 3|f^ vrt^ 1^ 


%*% 


mi(^) I ^1’ =^1^1^ } I 

^u«rr 

It wm\ 'i^tI *5^- 

m s:r^2a^y^{, ?r«rT {v^} i ^ m sr?-^? 

^ aiaT’TTT# m(^ ^ ^ I ?r€t ^ { }J 
fl3»5prj I Wf ^yft ^ «rr^ %<inj ^ sTRrr 3T* 

^1 ^ ^ { ^ ^ } I 

m ^ TOi^ f»r^ TO {’5,5} ^’^‘‘ 

aNif I <T^ I?:# pe^'iilr ^ to i {?0 i 

=^:, TO { ^ 1} I sr^ I TO ^^ftfT 


? ?!=s[^ I R ^n%5ft I 


n 




1^- 


*r«rr {1. j} i §j3[?irfl:^?:«frTwl % ^ OTiri ^ 

I ^ I ’ECPr^^# ^ M 

^ ^ wm 

i<«JTt TfWt # 1 

fgTI^ 

^Br’^TT^r sR(^)t 

qf^^-uRgirhi ^pvam^i f^ 
writf^f ^ ■«[^ 

sr^t I fw {|H} i ^ «} ^mrp?^^ ni T 5 f#f^ 

; I TO %^!TfTft##rNf|[- 

viim ^ I^T%%«ir 'srr^^s^ toM 

^r^wRj TO {1} \ %g !i«n^ 

^ I i^(t sr^s)! |j^g^|;5[^-3PimH%?rf?^R[, 

st^r 

^TOt, TO {v',} 1 ^qit m^^it %3[^-3r#if%^ 
vw^ §:RrHi^: I ^r ^ 

^^T {^^} I St^J 

?fNfTf=%3[^J gTO’TI’J# WTO%:^ ^ 

TO {||vf} I sriTOt 

^hs^tt: sn^ fl:TOiR^^ i fM^if i 

2iig%^ TO 

:{""} I 3r«r m^h to {v^}. i gro^rnr# 

f§:TOTf^?ii=5^^ m i ^ f^W to 


t 3F^ ‘3%f’ f^qra; 

^sf ! 1 ^ 1 \ } 





I 3rmr 

1 §:R[W5FrT f§:^fif^gg; mm *^gTf^(^)<r2f5r^ i m* 
^ mm I ^«n ^rHS^rr '^3?[rw(^)'r^3?r^ I 

mm %wmj w- 

M to {h^v} I sTsf ^ 

m mmm \ 

#5|t 

{^»|1J J \ |[wrt-3l5iit %TOf^(^)fl:- 
’T2??ir^P%2cr^ TO {"^U} I 

mmi I m 3%T??nft iTO*T^TO:T im snmsgrf^- 

^ } 1 3nftf¥lftg5(T^J torrf^C^)* 
fkmit mm to {^-4 i to- 

gt |gTi^ #r ’^gf%Tf^-'gf&r^ ^ 

’51 srr^nt %^?ir to {’1} i ^- 

^f^g^ri^sTT *^pTO^?ircr^rgf^%?r i m m 'rd# « 

filj?m#’wgr5rt srg^ 
ih TO i 

^2f TO { ' ° “?} t 

sr«r ^JiT-3rgTm(5R)^rf^ i mm ^mn 

TO V^t^ I fjitr mm{ I mmf^(m)mr 
5it ’fn^Ttssf^f^(^)w’^i ^ mm '^?ra^ TO«f3r%%^?if 
51# TO I TO 3rgTf%(^)^l’irr^ sismf : 

I m^ m mm to 

{’"H I I i?5t mmv^ 

TO {''’'’?} II 

m^ fl:3r(§:?r)f^(^)53ti5rOT 
mmii TO {h“?} I ^ *m" 

TO milj I srmff I 

«wf »?rt gf^, TO {h-v} I TO5[r«ro%’5!^-^* 



[^Nlw 

f%#T ^ ?r«iT {5»4 t 

m mMi I ^ w {?} I 

^ ^m A i ^ 

^fl iJ^'tiW^rsrr {'’°||?} I 

f^r^ 301 ^ srrar ft^iTf^(^)fl:5En’rfr 1 fis®r ^ 
mil tj I ^ 3:1^ ftOTf^(^)f§;^rfTO m {"’'**} i 
55«w 3r^(^)gf^ loo^ I 

’Tf^^T ( wmt w 


3r5sr %fiT#T i^rWi— 
f^'5nrT’*r%^ '«iTs^t spRm^nnftrt i’ 

srsr mm mm mmi i^TfSRi^^T ^• 

5fT%: I JT^: I ^ 

m-^ smftgRfT^ % 5n^T%i-jr«nr- 








{JIlivlJ} \ m ^ mmku 


* 1 ^ 3rmJ i ^^^TO>«r5Sfr {lliill^} I 

511 ^ 3 ^ 1 %^:, i sr 

mt I sn^r ^ %§[i^rw5TRt mu W“fl: 9 TO^ mmt 


? f^s^nr I R I 







mi '^3%%g«rTt m 

m {i5»} w ^trsfiR^rrgRTi^ =^ 25 ^ 

9:^^ ^h ^ 3 f , mi H » 

^ 5TO[T%: ^ ^^mi *» 

ft^Tl^T ^ »TW 3I^w^>mr {^} I gfit^^TR!^, mt 
{ " ? } I wf|j «T^g*»rr ?i«it { " “ 0 ^ 

mi {^’’} nil 

« ■ 

mhs^ m V^ 1 
5%t ?rsiT H<» M 5rte 1 ^ m^m 
*^fpkj 73^r%%; I mt «r^2irt 

9:fe?ST,>r«rr / 1 1 ^t^srmr 

n/ 




1 


»m 5 nTT<>r^, TO ^0® I 

^TtsURr^T^r: frrfl ^rrrt \ 
^ TOBtTOT'TT ^Tffl 
rT^^ ll I ^ TO^I U 


54 


, . , 5113 |^ ■ 
3 V h^ 
3 i| 3 !v!^ ■ 

rv 


m I TO 


sqrro, to {\l 
imr^t I jn!r*rl^f% 

¥rTOit to » 3 [^ 1 to to- 

mtf TO-fs: 5 «JiTi^t mw* ^ i m 
flTOfl(^)^4 5fi€t 5;lt?rTO^^Wj I smi- 

TOF^^IT^^TOF 

3F^J TO^TiI^^'5|3[TW^ TO{’"^1'} I ^TOI 

TOT ^s’ 5 Tfl(^)^r 2 ir^ i »PR 1 

’I^TOT ^ ^ gift TO { 3 ^ 0 } II 


\ WSOT^ I 


^T?iftwi^(f;)5?r^ gi^grir sIlFfr^i 

mi i »T^«RfForwTs?r- 

^ I »TStW%l ^ 

-“^giT^ I 3 |)r| 4 ^ ?ifll W 

I’S 1 1 ^ mi t^«rJWFf {>^“1 1 

^Ht II 


3ft it%^lf mim Tmi—^ 

#S^r3TT^ 

f^«T ^fWf: ^ I 
mm vrT^^5rTT%%-fT^ 

^’Erer ^ II’ 


I ; s?n^?jx— srft^Tf ^ ^Nnf<im!i55^irT^T m%^- 
i?[t(^)^Ti^^f^k3ri^s5rTf^ 1^? I 
1^ 1 t5^5rri[t%^ II 



r sttt^ fwfjw f5r’«rmT%T smft^iiTf^rnj: 1 1" 


, ’PTW^TT \ 

t%r gf?fT ^ (?^) ’Rrii^f^^ni^PTTJ^cli® 


i siTTW— -5^3tftgJi^?rTt’?TO^3rst^^^ {^U} I 

j?r5%scT*’it’^rit?rr w wmi ^mf w {^|^}i 


? 3Wf%! 1 ^ I \ 47=5^?^^ I 



^ sisiorr? w {v|} i 

«m| ’Tsa^ar ^M mit ^ { ^ » ) I 

TO#t srf^r^ Mt^ 

5fratf?r^fr%^ I 5r^ 

\ >75^ f5?r4 m4^^^f ^5?T {hI^IIo} I ;ir^qt ** 

smrr ^t^stt 1 1 srsr wir^ 

t^y srr^r ®r^* I ^ mim^y h 

mm I ^‘k 3r^^T%g[ I m . 

w {AlJl^o } 1 5r^ ^sr^r^wswror ^ =^rcfTfNRrr w- 1<» 

{|vo} I sn^f sis^or 

mm* i wf - 

w { v»|v« } I m ?rw^5Rf f^# ^(qr)2fr^^qTf^%2[i 

f^j> q^T {^} 1 srer I^TOT ^3»5 sw^t| ^ 1% 

*^Tf^RF^^T flsai^RW^^tt W {<»} I ^fFT^ 
qqi {|o} I w |<»| I ?(iFiigf?w^ 

I TO^s^or liRisr^ar w ^<» 

w{^v»} I ^*»r '^gff^j^gaTT 5n?rr 

sraufti, ftwRila^c, w{*i;} i »tTin>t?mw?5i^ ‘^- 

wrtr ftiiiR!i1q(^)OTiR[i: I aa» ?s^t?[?^«r lOEtiR arafl^ " 

am# fl?SM^! 3^3^, ^ {”J-} I’” 
^^l[i WtwrtS 3^t, 5WS? TSSf’Wi {5} I 

»I^ jimir <ta<iit i 

?ir<j^, ipit {Al5t5*l5} I TO 8'H«i5)-^iRi?nfe^(%?- 


{ h||} I ^ ^ ^h smfJTTt m OTT- 

I ^ 'srrart m (ar^) ^w^ mm- 

sRWif^i ^ irgrrii^li^ ^fn%- 

«%T^ m {^ 0 } I tost srtof 

mmil w 

T^ qssn { } I sri^nf i mm ^ mm 

sregorTt 1 §:iT^gil?T’5^ 

^f^Jiig; ^m {?«} 1 i?:^«n^ 

?r5srr 

{^“1? } I mmiw I ’Wf «335^tfTf5(?inoit mm 

w l^:} I ^i?#«!RRTfWt Ji’s^rig; temlf 
^ ?r«n {^°} I %^ir md 

mm {nil} i 

^srmtf^f^^ ^ ^rm 1 >5^- 

3or^%3^jr ^ {n:} I 1 

^ qsf qt, ^ TOT ?R 

’fn^r 31 ^ tot^ m {^.h,«>.^.'.«} 

^ TOT I *3r^ i^%75rTflT mm w 

8 R mrf — 

iT^ n’ 

m WF Wfm. * ^ mmmk ^m 






#\ 




ll ^f^l-31%1 srrgsrrf^^ arrf^ ^wr- 

^ ^ §K^rf^ ^ 

! m jrm#?r l ^ 

5?rffm{ ’T5[^r?ft'T IWTft# ^^fH: m ^J7TS7?rt TO u 



- ^ rT^ W I 

T -ir- i’fi r ^ - T ^ r iiiii ■ * ♦ - „ -... - ■.; A ...♦ 

®?r2[rr 'OT^iTsrT ^ «Trr 

W5^ fT^T 3[^ fT^ ^ if 


«• 


5irp5?rT-{^’, ^ I 

^ ^T sr^ I g%: to 

I gsr I gl to^?^s I 

5[f^^-3i€r# to'I^ st^ 

{ ill } l SJT^Tf ^ nrf I T%gnr TOl^rn 

T^m ^ i I 

mh 31^^ ^i, w { ? } I gf^: ^fiRifl- 
sn^ ^ >5^- 

=s|s^TO srf^ 5 kI^ I S^TIff^fl TOO’ 
jf^’T^^ntft’T^q- ^igoTT l c^^gwfSJi^ 

gnr ir^g^ srim I m 

gl to 3{#r I 

gi^rl to: i 

^ q^TT II =%H 

TOft ^5^ mt %TO- 

TOO^^ 4?p:4-3ilf g;#! I ^r* ^ I 

^ ^7%^ I ^ ’7^g»Tgt { I } I srraTJ ter ii | 




[ TO- 


^ %% ?m^rT 

t T T wrf^rrt I 

^ ♦ .^... ' ' ■* ^ r^.. ♦ ^ . 

iw ^ ’Ti^’'Tmrr 

^ I ^ %«iT 

Ift #T^^?3rTO; \ ^ ^rof ^ i 

^ ^ I TOf^ 

s* 3lf^l I l m i ?5 :«t 

l >f^:^f^;n; |?o[f^^?Tl { T li. } K *?:^0 

n,^m^f 2[?3?yir «# mm i ^.vk( ^h5m%mm ^^^m^ 

mti ^ ^«n { ’ ^1^ I 

ti%i) w {’il^} I w* ^f«iRT-3[^3«ir n^ mm^^) »?^5orT 
«3[^=%[WT srft ^l^r I mit s^'tf^*. i 

’^'JT ^imt *^n%r^ \ flrgor’?^^ i ^t ^3«ir- 
f^gar mi ^ i tot w^^isgrRr^ i m ^ m i 
q^i^twfT TO2[^ TOqsi^ 

SM mm I t^tot^^ i 

^W I ^S'JT 'TSf^f ?5T%|% I 

w {’‘i} \ ^m 1 1# 

^55T!T^lT»I5rT#T 


S?TTOf ^a[f ^ ^ I 






5iri??f I— lir ^ ^ i?f3g% i m^t- 
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'^■:v■'■■ '■'''■■^■''::'-:^V.V'''VV'" ^ jfN - fs 

SHTHTOKT rT«fT^ 
s ’*' ^ ^ \ 

^ r wsr^miFr 

^d^rs^r w /:% ii’ 

- s^rni^-^^^inr m m ^ 

iwt'irN' I ^ 3^ m 

3r#?FT-^^sTOsf F I ^ ^ I sr^FT^:- 

^ ^ «T4!%sf4 I ^5Frw»3f 

^ ’F^^sf^ 3[5?rFr^f 1 3F;r4tt 5 ffft5ff#^4^^s??f3[f^j 

I ffhF^ 3F?^ FF^%^ W ^ 3FT^F^ ^ 

^q^®^?FT m ^ ^FIT I |4 ^Fsr#FT I Wit 

F'* W I ^t 5J^FFT“74??F!f ST’FJd-Fl^inf teF-SiFFi^^ ,5F?FF3t?r 
,., q^^FF^terf^FFT mik^ iFTf- 

‘ ’ I m [SFF^^] 

^ ’^!^?r^FTS^^-#5®Fi;d IF# fF% WT 1%^ s^rer- 

If[fI%^^i gw— 

^. . ^ ^ ^ 3|^j^ j 

^ <Ffif ^?Ff F F Fl4 4 ' sqirf^fw? I JFF3^%fM FF«nf 

^rPF^T-sr^^TTfJF ^^4 ^f 4^ ii 


5^4 


^FF^rfft^rrEFTF 

§[T^^FFf^J I 

■ . . *v.... *-- - fv.. ___ ' ■ , 

sfr^nF*m ^»tr^T5?rTR 
?RT W9(^ wrf^2 II ir 


, ? ffl)p^5Wf 5 ^fpRsi# %is^\ ^„i^,.i 5t*]ift =? ^n?ft5TT ^ 1^%%’ 

f& fns: I ^ I: 'i ! , . .: \ ■ / 




^ - •» 




«5#»l4^ f^^T!,5TStT{l} I &#rtt=^!§iin 

sn^T »3r#nT^Rr^, i i^NtI 

Nr^rrflt i tra* 

5 «ir^l TOHwf^(^)g^ 3 rra^, to ?e\s<i l 

3«nn # ?TOT^ %<»rT2i^ ^mr 
TO {’“^O J snr^TFi^ 

I snsn^’^riTO^ 'ifN^^^^ftr^^rif^srcr 
TO 0 } 1 mh 3 } I SKTOR- ’• 

to{ ’ ”'’ 1 } I TO ^r^^- 37 % ^giirt ^r i to 

fiS'JTr: ^ 3n^ sr^ro I ^ ^ »a [^ ??fe OT r^ 

TO {""} 1 3 : 7 ft I 7 {l^ I 

=17 { t } I SF7I ;r mi 7*7177717 7t^i?rf^ 37#rT: I to- 

7Srft^’?Tftf(^)7r7^, 77T { } I sr^ 77f7wr 5557 77I55^[^, ^} 
77T { %7 ft I 77T 7 TO ^ftTOTTTR §:7t273f5^- 

5^717 7 ^ 7 ^, 7 ^ 77 ^ 3 ;? TO TO 

1“} I TO ^7^77717 ^ftlTT TO 7^(75)TO|:, 

I 77r 77f77T*t 55S777R^: 7H7^> TTTT: {^} ( TITOK^) I 






If W I 

7 Tlr^ TO 


^i 

f 7 §?j;.ls^ 77 r^ f r^ T |H l 4 jt 

'||7 ?|sC ’“?}l^^lS 7 ft 7 ’^^lft 7 T 7 I 7 Tf 77 fti%TOr 7 ^t 7 -%H 

7TOg[ f7=#7fJ, 77T {""H * ^ M71% TOT 77T 

{ I } 1 77: 7ft=TOT-TOf7^%^ Sf^ITTlft TOT 7«P%7:*' 
571 ft 777, 77T { "°5}l gnTTfTT 7fiRi7^^PTWT- 

ft7t7ft 77:> 3r77ft7727r?a^ I TO 7f77T“^7T ftjgrft TOT ^ 


^.0 

i kmi I ^jnrr m\ 

MT {^^<} I ^ I srJf^^T^ 

47ft!Tsr,3r«rl^5T7^T?irg;> Jmr{v4 kI 'B^ rmcM ^ssr jr^r- 

I |5Er^#?rq:^w 

s vpr w ^ w tr^^0[?ara[ I 

■?^^^cfTf!?prT^ '^mH?Tf^(^)'T^^ I sr^ »#?R?fTffwr 
;tTtt w 

^ 

^fTrT W*rFq% ^ '^^f^ 5 1 I 

rTW ^rgsTrr: ^ 11 <:^ w' 

‘ m fqmt-{ ’ “lii h" "1} l sf#^ !jrW ^®«>«» I 

./snf^^ pf^ {^^n} I wFt ^«r ^«TTf&r I 

3[%| m\\ wfm* { ^3 } I) 

srr^*^ I 

rTrW^, 5TO%5T ’^Tf|rt It if 

^,; ^^*-{101} r fl^^Ti ^r:, ^3- 

^0 ?%s[T ^1%%.% w{ ti^vli }i 

sr^nr 

s:k^^:, ^m{tt} I sTTini^ 

^T, sr^^^r:, ?r«rr{ i } l w.^t tooft (? g-rsc^iniTf) ^ 

^T q-l«JTf ^ w{ 1 h I } I 

^M^^urrsgTft?#; w { "!} I ^^st- 

qsTT A?? %fi«7f^ I W^FFIFr 

I si^r: ^ PIT.*, 3*?^ 

I ^f^o^iRPiFr *^i3|uit ^mt I ^ 

'PPTJ I ^ WP5T^^ T%^3<ITT ^51 3I^J I 

— — — — - ■ ' . ' :■. , 

? I ^ ^PTcii I 



srw^ ^- 

mii mi { i) i ^ ii 

W«n»ITi|m 5 t ^’*Tr 83 ^ 

1 ^r^rq- iTTf^^r^rrf 
^rfw^q-^Eri|rr terg?Ti^ll ^ 

{ J I » ’ I ’ ’ I } 1 3n?n^ ^ 

W f^%^r I ?r^'«nf ^^^rmr'TfTfiT- 

srsjpiT stsr simi '^:^t%{ i tsr^nRq't^^ 
^«rT { ^ I ^ Ii ^ ° I } I ?TPF®?n-TOi%(^)^rwr ?Twrf - 
f^i% 3 'Jr^ I mi\ sr^T^^iw f^orr^ 

I srmif^ f^rsng; '%t^r 

5 T, mt q-^ I m(^ 

I W ^ ^mu'^\ 5 : 1 ?^ stt^t ^fkn 
?r«rr { ’ ^ni] . 1 m 'im ^r^c(?^)qs 7 f^(^)-. .< 

?iw?PTT %qiq 1 ^ ^ 5 ^% 

?3[t2Tf^(^)^?[2J5fi' I ^orirR^^r srmr ^rf^rt 7 ^- 

wrsqiln^/ w { ’ ’ '^V» } I ^xt q^(^)^qjOf^T §:T^g 

WJ, mx X^*f srs'^^rf^^ W^(q>) 5 m 9 ^?T:, w^» 

{ 4 »} I '^ 3 #rr 3 ! 5 =gtqu%^ m fl^qwf%(q;)- 

^cTJE^i m ^ JTM^ 1 % }l ^ 

5^^f%(q;)TOr^ qgrfw(qf)TO^r^ ^'Jirq'^rsqq^ sr^l^ 
m) TO { . I } I ^q^^RTOq- f^jgr^s^T i\ mi 1 mi 

^jirwif ^ ^qft^sicfRj^ TO {^} II j’l'j 

sn? fi:#r j 

srr^ wFTO^ft- ,5 

gTTT ^rgrq^l ^ I r 

^fiTi^nr^r ^^T^rnTT ?f^ 1 , 

m -^t i mm ii iV ■ 


vs? 

i I i 1 r } ' ^ «^#!f^- 

m m\{ ’ ! ’ ^1} i 

!i«ii% 1 mi ^m‘ 

^^r^TOg;, mi w{ muw^ 

^^TJ, 3rwtit5n%l^t, w { ^ t} i ef- 
m w-^r5^ «3:€)R?^r?5^(^)=?3$?j^^ mmmRi ^m^- 
^ ^ srggarr 5r#?rT%^5rTt fl?T2fRr#(^)^^ 

3i|^irirf ^ ifiFr ^ srsrft^it, w ^^^- 

mi f5:'T2fT?j^(^)?5ljT ^^l 

?! f§:qfTO^f^(^)?TOr srsft^^ 

w { 3 ^} I nf^OTmn 11 


m ^iT^i^mi^'^iir^SscrOTfrTi- 

^RSTfl^ HT^Tfnt 


Vi 









trmff ri^s^f^j 



2 11 \f 


?t5r?i^?(!rat wf^n, m\ {^Uli} 1 sr^rriRT^tSfr^ 
^<3r^rpPTOE|j^^q^>>^5^ TOfrT w^ ^ 1 

’io #^<ifT ^r 3 [tH ^ TO I r { Hf^o I i qt" 

3nf ’srmrT^TisrTtqr i?%s[Tv ^«it{'} i ^- 

srrw to^ 

TO {"’O i ?t5R^4?§iRl^=?%^qrt5i^<T^ 

TO TO { 0 I wf 
^*ng; to ?:# ^rrat 1 to% 5 Pt TOWfl^iRft mm 

\ ir^^l53[5or I ^ f^rl^ 1 to 

qq^ TO ?n^J, TO {q2> j II 





f^^Sl^l^rT ^ { 

^ ^nr^ i^ttri: l^ ^ ftis s^ H \M II’ 4 

TO «rsiT{"} l #r- 

^^-'^1^[#*TT TOf »#JjfMtTO 
gTOW TO { ^1 } I STTSllf ^ 

4 mn TO m I m 

TO TO%[^J I ^ flgurr m^- 

^TO 1 3m%5<ir ^ \ ^ arror 

^iMth TO Ut ^ gfSt^ srm ^irl*r- 

^(^)TO[ I TO ^f^5ifi5t ^ TOif, TO «« II 

TOTTOt 5r3 fTSTO"^ 

TO mrnm, i 
m TOf TOi^ ' 

^isr4 '^t H 

(TO^-) {K ’ll’ |»|} i^%^^^wr^(m) toI 

fk^f ^ TOTOITOT **^^*^- 

^;rT l^’slystT {nltl^^i} iTO^rt- 
*5TO->?#5T^H^flTOT sor^ I TO eHrf^W ^- 

^ TO! TO { ^“1} I TO STTOf^ 

3r«r^#frte^, to { ^^ } i to i^-^h 

TOFt^?r TO I g:q%«pf^ I 

«?#n'^ TO I TO 3^-% w% ^ TO- 
TOTOTO^? %?^ TO TO { c^} I 

? ?rpfR:^ I «?cr^^ tipR^ TOr i !:< w?t^^ I 

\ -‘fl;^5^5B4l'?«i!o’ ^ sf^i^ I 
*) o »Tf5r?r« 






\s« 


flpfTsr^ftsJir I ^n^rt si ^>11^% 

l^^’TTqmsiNwgirTt ^rgsTsi^TOfw(^)w^ i to 
wi^r 5554 m\ «? 1 w- 

'^snrsrisr ^iTi mm 1 >^it;rmwT ^T»t fi ^^1, 

w {^?} II 

m 5 w%r^ ^s=sr%*ri^OTTTi— 

fRTt ^rM^ITSSR;^? 

j^f^TTr^ ^ g f^rHr ^r I 'sn^^ l’ 

I ?siRr{-{ tl ’ II t } I sm Junorsi-sis^i: gf&im sn^f- 

SISTf^?irwfq(^)? 5 ^^ | (^) I ^- 

li[r^i:tqT^ 3 Fwif;r tif^^^c£iTf^siT 3 #^:, 

3 ^ V«rT I i 

ih ^1 31 ^^ mh w { 3 } 11 

r^f ♦ 

STWfrT THTTOTWiRf rT^IT 


%'i 



tog[# ^STT^ Il^^ll" 

(s^mit-) { ’ ' I ' ^ I ’ i } I 5 mT 3 r 3 - 3 n?iifft 3^3 

q^^nf-sTcT^ 5011^1 1 

3 q^j, 2Pi%^^ I ^ I 

%^OT*Tn> sr 5 £rT {?;} I sr^- 
ifl:^^ I 


f^^ 5 T( 2 ) II 

RM gr«r ^m^ f^*nf- 
srrsfHr 

'T^Tfnf ^ I 

f^TT^gf^Ti f^!jrwn%- 
W 'T?TTt(T)rrr^ ^ II ll' 


I % I 


gpit m fiRW l%«[f- 

l5c[Rf srr^’T^: 

m^-5pjT »r^qt ’qiw-pR wn 3i??RTi%^iar-in=5q'- 

3f&r^Tf ^srqt q#-M^iq# ^^^\\ 

?TT%?r i| qr^tjx 

f5rT ^^PrTT 2 I 

wnm 

%q[^ qr^?rr%*Kf^^3qrl^ f^r^J \\ V if 

1 1 I qi^q^T^ qj?y-iiT%^s:- 

-qra* 1 _^iiiJi!_ j ^ 


f 


1^00 

l^p 


iq ^ 


q o Q i'v& ^ 



' q«rT i *^o » } I ^5^ mF^ , %qpft qfl:, mi ot^, 


^siT { '- } I 3R^%^T srqq^ sqft mtf srwjf m, q«rf { " } ii 
m 5r«rq2r^5q^ srf r^ s^f^rter sFff* ’'* 

I ^ ?qrra:-{ } i m 

^ qw^qr^^gr fr^ I 

mm 3rafflwf^(qj)fl?ir^ q«rr f^I^l . 

q^r q;w ^^qq; I \ 

JTT^ mm-mif qqr {ilfj^} qqT{^5|ll} 

qq^ WF ^sTTO^qiT# qqr-^q53<jf ^ q^q, m- 
3PTsgTp[wf^(^)%^ 5nqT 5:n%f^qf^T sr^^^fi' >?^lsqr, 
qqr i sn^qqi^ qqr-i:iq^qT{ q^ mm qfe: i 

qfegqrt qsq mm { m 

toqn §:TTt!irl^qf ^nqrqf^qrqf q qq ^ysq 

qqjTH^: I qqq; qqr {-^}ii 

qMqmqr |:5| I qqqmrs* 

l ^^FcTts^ I R q^sTTO’ ft sft^ t 



\s| 

5rr^f mm \ wmm 

iJOT’51 *1^ f^w, w jib I 

§:r%tTO i m 

^Til#afl2dl[?ir3TT ^js^rw^amr s:r^^ w { -. ’^ } h 
'» m sTRfTO^ 5r(^w sr% f^rr^rt- 

|b°5S|,i srsnf^ ^^^^m mm 

I JTFfitat srrl^Rc i Hdkwf^rr^r'^- 

^ qjf# fl^fkat mi i mt ^vm^ #r^ 
mm i Maal 

I f 4 asagan sriar aiasa^ afe^a I 

mm jrTsaa^5f^mp:TM?aif^ri^r^4»r jrmw mi 

j# aw ?^if a«n H II 


m ^m i aaaf- 

m\ araT aw^ i mt a>553:a^w%- 

(i) a«iT{,b|"S|i a^Tf ar m i aiaf- 

aj% m^t aw H 
sra aba^ aTW%^ ?arw-|’bj?l| i 

aaf^l mm 3rgn%aTfa(^)fl:a^ aw^i i mt ajaisro to 
aw^j^ar a aw { U2|"l} i rn^Tl mm w^- 

aitew I wr awl a^w^a^rala §:n%flai^s- 
aw^la #r ^a aarro# ara aa5{> aw ? ii 
aa f^^wi^aaif — 

awrf^’wpta a^tf^aj^ 

WrT^ fTT^fl^rni' ai^ 1 
wrafa^^^sTWfT ^ aia ♦ 
w^flmwaa fiwirj ii ii" 

? ‘sjjRnf^r ^ r ^ i 



I 

“•'"i ri"'""'! I t I mt 

mw ter^ fi:#^> w {L| i m\ 
^^9TTf^?rr f ^rrai: q"^ I f^%3[T i?#^- 

fkm^ %qTt, w { 0 } I ^ '^- 

I ^ srtr IqjT^ “qi^scr, mi {®*} I sr^?^ wtt ^ 

qqnsrt^r^ >qf|«in?rT ^jai^qjT’TJrq^ (srrar) 

TO { ^q«jfTOf srrm^r qj# fl^iccq^f^^roqt 

qTO^fl^ TO I ^5 1 1 m qf ql^scRf sqwq f^q? 

/ q 33\ 

r r % > fsqj^TOfi ^roq qrsqtf q% pqr to| 4 ’ i 

qT^%»3rq5gqr?qtqR^cr Rq 1 ’q^^ari Rq;fl:iq^ snqf 'qp^Rssg^ 1 
fq srraf i iq q f3:5'qr q^i^ 

siT^f 1 3r^rql:qqq q][q^rfq(^)§Tfl?iiq^(^)^ i 
m qrqqr€ ^Ritqj i f|q| %«qMq%g[q;5nqr qqqq^J I arqqr 
Sto q#iT#^^qT 3is^H%qr^ qqjfq^j^q i |q 
q3fq?tr TOTR qi^# firo^aw i q srrqr si^qqif 
qi^f q^q q 1 5?55irq!qql srTqTq#qqtqTR?irq;q|^j gq q^ 
j q ji » qpqwir; qri ^qqRRrtolRrqrf^qT 55?w 
I mm:> TO ? q I %qsq|^ q%TON(^)q^^4 qiflqra[€(’^)# 

q, qqr { 3 n 4 i siq^f^f^ql ^qf^ qqjqHwf^C^Xrqq^tsrq^q 
3OT^^tTO { ?n4 I sRTRqRf^qqRr^yT^qroqqq ii 

®r^TO ^ q:5ftqiTqT- 

q«qr^qrf^ % \ 

SRT^ qi^qqsq^q 

slT^^qf^t tspq^U too ’i'i 

1 



^6 




t 


;^/;V""t'T=l°'“ y 


^ sjtM ?T 1 ^{ JR^# 

flgtini^ ^ i %% ^stgon 5?#r srrat I str^t 

gf&rar l^iisfmT sr^^ i srerr: ^ rto 

w I mt ^ I sTR^^Rk# ^m- 

w {1} I! 

;ftR% ^|tr$rR I 

?r^^(? ft ) ^§[ 5^1 ^ *TT 5 flf^' 7 %t 

rf 5 ^TfrTRm:ll ?«»? n’ 


rm^t- 




^3 

! 


I srsf q^^Rqt R^ri { i|} «^^- 


^ ^ l!3[^^ I RR{ sjss'JTT^^^ sRRr s:r^?irg;i 
!§■# T%%3in 3F5t^ STTRT I ^ ^^^■ 

gun srrarr i ^ ^’Tri% 

§T?!5Tf^(^)f^^, R«IT {=*^:t} I T%%^ 3rR5f §T^^ I 

5 pqTg;R^i^> m {<} 1 5 :^ mm% n 

^^3TT#r 

m I m ^ fir^sT^Tg— 

'E5r^^3[Tg I 

nknra ^pil% 11”^ 

3r«r RH5R^% s^ri^TO— 

fl:«fvs^ 5 Rts^mmj, i 

^ ^^TWTRuft, i^TfRr^sRirg II 

? sjTffejft I R is^l ^ I 8 ^%X(^) I 




iWRT’iLJ 






snt T?pn?fl^r w { ly^s^rw^^sr ;r, 

Jrr^Tt #r i fislirr ^ mw* i %! 
srrai: ^\ ^^g»iTr ^^ srr?rr 

I sr^rj ^^f^i^Sit snrnl^ ^fd^r, »* 
?«rT I mi W [?!} 1 

w { ?} I mm% ii 

m ?rf^^5^nTOrf— 
sfpETnr ^ mw \ f^f^ ?, smlr^Kffer^ i 
^■«T^S#T t, II K^\ Ii' 

-I-'HH'’! I ‘'!i4<'}i 3T^'E^»r#rqt 'T^mdl^^r«?T{ 

»3C^ I ^ ?r I iiT5f<T% gor^ mm 'r^'^- 

I fl:# srsT#?^ Wf ^m\ (^dt) -=mmftm I 

isr^ ^s^r^d^qq^g; I ^qfqf^ mi 

q^^qrr^^i m%i q^^ m\% m ^rq q«rT { ’'J } ii ’■* 

^qjf^TrTTf ^Tt ^ 

^ qi^TiiRrp^pr^ l 

^rTT 



^--{ i?|!;} 




mm ?ir?rqqt qwdl^ qm { ]l]\^^ 

■ V q o '■■W'-d :■■ 

5n^(2f|-)q# ftqt ^ 3nqT5i^q:?ir to 

\Wooo I fl:(2qi^)qt ^q(Tlf^2)q#?^ gor^^srrqr 3i^%- 
wmi q^ qs^i co^^o | q|TT%q^- 

^fTO 3r?|ft%qfWf^S5q%q qpi%qqt^^TOf^^i^q- 
%g; 1 ^ s[=RTJ I ^sqft qfl^# 

qqr {<oi5: }i m^i 

qiqqi ^ssqiqf^ i\, sr^sr mh m\ { i } ii 


? ®T3l^ I ^ f? ^t5nqc?if I 

f^RT^’ 'Tra: 1 8 i 




€9 »rioiira?5^ [ 

^^or^TTf— • 

% snwtf^?rsrfirrr=ET^ »Ts^#r«T% ^ 

%ri^?[r^rfbrf ^ r g % \ 
fT^rTT i^PT^rTT T(^ 

'* ^ W3[ u If 

(?m^:-){fl-'rrh|l H-l-l-H I TJ# 3r'Tt-fl:'OTT%r 

5 f«iT{v?^^^v} ^mm i 

i:ts[^t^(I)^# 5fm fl?T% 

W { " 2 » I V : } 5^ 31^, q5sn 1 jnsT# JTT^- 

j I mm ^ 5 =^t^ i 

^HJlfuf I gfl^f^fPTJT^^ T?rr^T|— 




%% 


sn#!^ ^ ^ l 

5TT0^S#^(r'>^%5f^ ( 




^fk fjTTTi 5tqr 

sr^ TpiRi I ^ gcT^lfj te rfi f T ? if 

*rr3! I \ I 8 5!:%^r i h ^ifteFmf i%f^ 53^ \ 

% ‘f^q4«repr ^ 1 3?^’ ^grR^t rtSi i y> ^\Mt \ 



} | sm '?v^-iR[TOr ^ 

TOi^% w {.11?-} I 

^1% ^T^r i mn 2ir5=^ftft?^?rT 

w II 

?T^S!5Ttt 

?trT?rt-{ m I sr^r ^ wm^ 

5r«n O'l } I ^ i 

mm 3rsi3[^ I l3:q% mm f?r^ i m(t sist- 

555^ w§:5r^^ ^^i'rf^ si^^rsc^^ i sTfr^tj 
*Tqt ^^^ ^?TJ, w {1} I m^i w 

’T^RT%^T?!^ ^ #rfW 

^fsr^ssr ^<1^11 ?o<: n' ' 

s^nw— 3T?r 3:^5fff^t#Tt5^r^: i 

jhi^^i^j ii 

mi^ # 

s^TR^^rTT |t \f 

KIT5ErJ-{Uiao} I 31^ mtitt ^ 

^ \9olo 

to 'TcwT^^ { i>\li } 1 JTi^ toii i tof f?r% 

5im ^?jto i mi towr ^ 

sfRT^, w I m 5Rp irilf srr^r^ n 

n ’Tf9r?r« 



u\ 
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II II’ 


qsrr { ? I ? j J I ml I fmk Mt 

ml 3ITO# ^?;?irli‘ mmf^ I simr: ^nfl^irmT ml ?i5| tlf^w- 

mi^ j^mmt i «rm^5t^lf^r 

^mfl isrlltmi^ i ?#3gf^^-3rs- 

^irailml 5?^?^ gm lH i ^w{-{ ^ » 1 3 % U } 1 srsr 

srml5T giwm mm I ?rf^m- 

si^m^iT ml i ^ s?t?si|^t^;ii. 

^‘‘’TrcT^l ?rw: ^^m-srsrflm s'rtI, ^rm-simsgm 
fl?jmfl(^)fmtili - 1 ^ mm^- 

mmil^T m4 #^m wmflsrr girtoismi^ ^ ^ 


iwi— 



rT sT¥rmm% 

<v ’N ^ rs rv rs_ 

Rvjfm’fTlrTT Rw^mwr 


Rml mim ll K\ \ \f 


5?rRm— toT%Jf-OTraii|m d-ijfll mrTO%-w^ 

'eIjt gfll I ^ ilmim iim«inTlfl5i^TOm m\t mm- 

i l^ri^r-m^i^ljr 'im ^'^(0 m. 



^ 3 r#l 5 iT% 5 |^sFtTV 
^ OTJ=w: I 

3 I%T|TO[|— i 

V2i%qr wtw^l ** 

I f% 134 ^ ^fmprfw. ? II K K\\\^ 

I i^OTi»^-i3r|vfr w* !nnamf^t-J3Rr ! 

I srr^ ^mi 1 

5^ o o I ^srr ’p^ran%:- 7 flr} ^oorwwr »• 

!lf^ smriJ T2f w Hvs^o I gpf^t 5|5%iir 

^?#?3ra[ I piipi^: I ^ n 

m I wf — 

s^rfftrf^i% 5 T frTt ^mifkt I 
^frTTt 

^srf^ {f 

®T[W — 3^^5!r^f^T^-§;T^gin%feft 
^^-5?n^(jf^qs5% srrf^^ ?TP?r(?)^f^: I 
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APPENDIX I 

Exs. 1-2, p. 3. Oh learned manl if you know (addition), say quickly 
what 7, 8, 9, 16, 93, 60, 76 and 50 when added ( together would come 
to), and what number is arrived at when 27 and 21 are united with 
32, 15 and 5 as well. 

Am. 319; and 100. 

Exs. 3-4, p. 4. If you know subtraction, say soon the remainders ob- 
tained by subtracting from 1000, the above-mentioned numbers 
(i. e., 319 and 100 separately), 

J.%s. 681; and 900. 

Em. 5-8, p. 6. Oh, ganalca (calculator)! if you know multiplication, say 
quickly what 21586 will be when multiplied by 96, 93685 by 32 
and 98510 by 273, and the number got when 12987013 is multiplied 
by 77 so that it may represent the number of clear, resplendent and 
circular pearls forming an omanient for the neck of jS'wd. 

. 4 «s. 2072256 ; 2997920 ; 26893230 ; and loooooooor. 

Exs. 9-12, p. 7. If the lakfana (subject of division) is learnt by you, say 
quickly what the numbers obtained (before) by multiplication will 

become when divided by their own multipliers, 

Am 21586; 93685; 98510; and 12987013. 

Exs. 13-25, p. 9. Tell ( me ) the squares of i to 9^ 12, 72, 93 and 163. 

Am i; 4; 9; 16; 25; 36; 49; 64; 81; 144; 5184; 8649; and 26569. 

Em. 26-39, p. 10. If you know the square-roots of the squares^ formerly 
obtained tell them along with that of 11819844. 

Am. i; 2; 3; 4; 5; 6; 7; 8; 9; 12; 72; 93; 1 63; and 3438. 

Exs. 40-51, p.13. Oh friend 1 after reflecting tell ( me ) the cubes of i to 
9®, 18, 73 and 317. 

Am. i; 8; 27; 64 ; 125; 316; 343; 512; 729; 5832; 

• 389017; and 31855013. 

Exs. 52-63, p. 15. Oh proficient ( individual ) ! if your study in operations 
is proper, tell the cube-roots of the cubes formerly got*. 

Am. i; 2; 3; 4; 5; 6; 7; 8; 9; 18; 73; and 317. 

Ex, 64, p. 16, . Quickly add (together) three and a half, six, nine less by 
one-fourth ( 9-|), and seven plus one-third ( 7 -hi )• 

Am. 25^. 

1 G£.' Ga^itasarasanffraha p. 13 (r. 32 ), 

2 /Wd, p. 14 (v. 37-). 

3 p. 15(v. 48). 

4 p. 16(v. 53). 
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Exs. 65-66, p. 18. Oh learned man ! tell (me) the remainder (i) after having 
subtracted one-sixth, one half and one-third from one dmmma, and 
(ii) after removing one and a half, one minus one-fourth ( i - J), and 
' one plus one-eighth ( i-h |) from six plus one-third (6 + 1) drcmmas. 

jd’ws. 0 ; And 2^ drmwnas. 

Eots, 67-68, p. 20, Oh one with good intellect I tell me the product of three 
and a half (3^) by nine plus one-third (9-f|-). If you know 
ganita, (say) what one-fourth will really be when multiplied by 

■ a half. 

Am. 32§; and 

Exs. 69-72, p. Oh ganaka ! If division is known (to you) methodi- 
cally, tell quickly what becomes when ten plus one-fourth (lo-f :^) is 
divided by six plus one-third (6 +|), eighty and a half by five less 
by one-third ( 5 - J ), a half by one-sixth, and one-fourth by three. 

Exs, 73 ~ 7 ^) P* 23. Oh learned m^ I if you know fdii (arithmetic), tell 
(me) quickly the squares of five Jess by one fourth (5 -i), eight and a 
half, one-third and one half. 

4 m 22^; 72i; J; and 

77-80, p. 24. Oh intelligent (one)! if fractional operations are 
known to you, tell (me) quickly the square-roots of the squares pre- 
viously obtained.^ ^ . 

4 m 4f ; SJ; I- and 

Ex». S1-S4, p. 25. Oh learned (one ) ! if you know pain, tell (mo) the 
cubes of (i) nine plus one-fourth ( 94 -|), (ii) six lessened by one^hird 
(6 -J), (iii) one-sixth, and (iv) cme-third. 

4 m 79i||; i8i|f; and 

Exs, 85-88, p. 27. Oh friend ! if you have great intelligence in the ex- 
traction of cube-root, telj me the cube-roots of the previous cubes.^ 

4 m 9i; 5I; and 

jEw. 89-94, p. 30. If you have (acquired) proficiency in kaldsamrna, 
express J, i, f, | and ^ as having the same denominator. 

4 m. ; Jig ; ; and ^j. 

95, p. 34. Oh friend! if you have exerted yourself in ganita, tell 
me the sum of ten plus one fourth ( lo-f J), one and a half and two 
■ pjus one-third (2-1-1), 


1 Cf. Gavitasarasangraha p. 27 (v. 17). 

2 /6id,p.28(v. 21). 


4 m 14^. 



m 


Atvssmx I 

S0, p. 35, Tell me (the result) after reducing one and one-fourth plus 
its half together with one-third of its sura and one-sixth of that (last 
sum) when united with one-third, its one-sixth and one-fourth of its 
; (sum), 

Thismeans:Simplify;— 

i|+iof ii+|of(i|+Jof li ) 

+iof { li-Hiof ii+lof(ii 4 -iof ij) } . 

+ 1 +!• of of (l-f l of I) 

' . ' 3 ff- : 

Uses. 97-98, p. 37 * Oh friend I if you know bhdgapavdhana tell me (the result 
after reduction) when the numbers previously spoken (in exs. 95 and 
9,6) are diminished by their (fractional) parts, i. e. to say simplify: — 

_ (i)(io-i)+(i-i)+(2-J); 

and(ii)(i-|)-|of(i-J) 

-Jof{(i-i)-Ki-i)} 

-iof[(i-i)-Jof(i-i)-iof{(i-i)-|of(i-i)}3 

, - Ans. nil; and ^ (^+2!). 

^ ' ' ' . ■ ' . . ■ ■ ' 

Ex. 99, p, 39. Oh friend! if you know (valUsavarna) tell (me) soon the 1/ 
sum of 2 drammas, 5 panas and one kakini less by one hapardikd 
together with one-fourth of itself i & | hapardikd. 

. Am. 2^^ dfammaa i. e, to say 2 drammas, 5 parsas 

and i8f kapardAkds. 

Esb. 100, p. 41. After reflecting, tell (me) the measure of that post of 
'■ which one half is immersed in water, one-twelfth in mud, one-sixth 
in sand and of which one and a half Msim are seen.^ 

‘ Am. 6 hastas. 

Ex. loi, p. 42. Out of (the total number) of elephants, one half together 
with its one-third fled to a summit of a mountain, one-sixth ac- 
companied with its one-seventh drinks water at the river, one-eighth 
and its one-ninth play in a lotus-plant, and a lord of the elephants 
followed by 3 female elephants plays in the multitude of lotuses; 

( so ) what must be the strength of the herd ( of elephants ) ? 

Am. 1008. 

Ecu. 102, p. 44. One half of the herd of intoxicated lordly elephants 
has commenced to play somewhere. One-third of the remainder 
has run away in caves making noise on account of the fear of a lion.- 
One-fourth of the (remaining) remainder removes the scratching 
(sensation) of cheeks. One-fifth of the remainder has entered (a 
river) to drink water, and sixty elephants are seen. Oh friend I tell 
(me their total number). 

Ans. 300.; 


1 Of. Gat^itasdrasangraha p. 47 (v. 6 ), 
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p. 45. One half (of swans), two-thirds of the remaining, three- 
fourths of the (then) remaining and four-fifths of the (then) 
remaining went away after flying somewhera., .and -.another triad of 
swans is seen keeping a company. Oh intellegent (individual)!, tell 
(me) as to how many swans were in that group. • 

^ ^ ^ ^ ^ ^ ^ ^ ■ dm 360, 

Ex. 104, p. 46. One-fifth of the swarm of unsteady and large black bees 
went to a mango-tree, one-eighth to a lotus, their difference {vivam) 
i. e., |-| ( =-^) multiplied by two, plus its half {i. e. ^) remained, 
on a Jcuvda (flower), six times half of the difference^ between" 
those bees which stayed on the Imnda ( flower ) and those on the 
' mangb-tree, together with its one-third® multiplied by three® ' and 
lessened by its one-third (i. e. by resorted to a jdt% creeper, 

and a decuple of bees is seen seated on a blossom of a tilaha free. 
Oh clever ( individual ) I if you know ( vis'lesajdti ), tell me quickly 
the number of the swarm of bees.^ 

^ ^ ^ ^ ^ ^ ^ dm, 40. 

Ex. 105, p. 49. If the (number equal to the ) square-root of the collection 
of leaves of blue-petalled lotuses used as an ornament for ears by 
a woman having beautiful . eye-brows, fell on a bed on it being 
.. struck during the sport with (her) lover, and if two-thirds of the 
. . remaining as well as the square-root of the (then) remaining fell 
. / on the ground, and if a pair of leaves were seen, say how many 
leaves that blue lotus had. 

Am. 16. 

jKB. io6, p. 50. Three times the square-root of the group of parrots 
' went to' fields of rice, after having flown. One-tenth of the 
remaining resorted to mango trees full of fruits. Three times' the 
square-root of what then remained fell ( a victim) to the snare of a 
^ hunter and thus became subject to adversity. Oh learned (man) I 
if you {8'e8amula.jdii), then let the number of that group of 
parrots be now told. 

r ■. * ' ' ' ' ■ .> :Am, . • 

107, p. 51. One-third of the herd of deer along with its one-third 
fled owing to fear from a tiger. The square-root of the total 
number longing for singing, bereft of mouthfuls and having the eyes 

1 This difference is equal to 1 i, e. 

2 This comes to ^ 5 , 

.3 This comes to 

4 Cf, p. 49 (v, 23-27 ), , , . ^ 
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.1 closed, stayed.; Two feaale deer having unsteady eyes and separated 
; , ; ,from the herd were seen wandering in a forest. If you know the 
. proeess - tell (me) soon the strength of the herd. 

Am, 9. 

108, p. 52 ‘ Five-fifths of the herd of monkeys together w’ith the 
square-root (of their total number) have their minds attached to the 
, : swinging of branches of a iHxnasa tree. Ten monkeys desiring the 
, fruit are seen (engaged in) duel. Oh ganakal tell (me) quickly 
the'strength of the herd. 

, Am. 36. 

J^aj. 109, p. 53. Oh good calculator (m^amate) ! one-eighth of the herd of 
... hogs is sporting in mud in a small pool. Oh friend ! one and a half 
times the square-root (of the total number) really dig mrisico (grass). 
A female hog with seven young ones is seen as separated from her 
■ herd and seeking it all around. If you really know pafi, tell (me) 
quickly as to how many hogs constitute that herd. 

; Am. id. 

no, p. 55. One elephant remained at the post. One-sixth of the 
remainder remained (engaged) in sport in a lake. One-fifth of 
what remained (then) grazes sprouts oi s’allaM on the slope 
of a mountain. One-fourth of the (then) remainder along with the 
square-root of the total number is seen terrified by the roaring of a 
lion. Another elephant follows six elephants. Tell (me) the 
strength as to how many elephants (these) were. 

Am 25. 

Ex. Ill, p. 56. A pair of bees made tawny by pollen, is seen on a white 
lotus. One half of the remainder along with one-seventh of it (i e. of 
the swarm ) went to a temple of a lordly elephant. A square-root of 
that Warm went humming to navamallihH, and a couple of bees is 
seen. Brother ! tell (me) the (strength of the) swarm of bees. 

' Am. 16. 

112, p. 57. A certain wealthy man gave to a JDvija one-fourth (of 
‘ a dmmma ), then 'one-third of the remainder,' (again) one-fourth 
of what then remained, ( again ) the square-root of the sum-total 
and (then) onerhalf and (thus) became penny-less. So how much 
wealth had he ? 

Am. 61 (diPcmmaa). 

Ex. 1 13, p. 58. The tenth part of a pillar multiplied by its seventh part 
(is hidden). Half of that (pillar) is seen to-day. Tell (me) quickly, 
oh friend ! the correct measure of the post.^ 

Am. 35 (hastas). 

1 Cf. p. 55 (y. 69), , . , 1 . .‘ 



a/HJf 


1 


ft4, p, 59. Apoftiofl eqaaltowhat is obtained by itttiltipling five- 
twenty*fifths of a bamboo with three-fiftieths is seen by me. Having 
reflected upon If, oh ar2?a I tell me quickly the measure of the 
bambc»o\ 

, ; - Am 40 (Aasto). 

jSfe. 115, p. 60. (The number equal to) 18 times the square-root of one- 
eighth of the herd of elephants resembling a cloud (surcharged) 
with water and having their temples moist on account of the flow 
of rut trickling (therefrom), wanders on the top of a mountain. 
Other 18 (elephants) are seen as fear-stricken on hearing the 
roaring of a young one of a lion. Oh ganiiavid ! , if you have. 

■ taken pains in this connection, count as to what the number 
of elephants is. 

Am. 72. 

£/!ib.- 116, p. 61, Nine times the square-root of two-thirds of the herd of 
swans went to the sky. Six times the square-root of three-fifths 
of the remainder perished. And oh friend ! three times eight swans 
are seen. (Tellme) how many they were (in) all. 

Am. 150. 

Ex. iiff p, 63. The square of the three-fifth part of peacocks lessened by 
six is playing inside a mountain. But six are seen as having gone 
inside a forest. Tell (me ) quickly the str^gth of their herd. 

Am. 15, 

Ex, ii8,p. 64. Thrice the eighth part of the herd (of msJcas) is halved and 
then diminished by 16 m^kas. (The number equal to that re- 
mainder) multiplied by itself is playing in the interior of a moun- 
tain, and four times (that sixteen) are wandering in a forest. 

. ‘ (Tell me the total number of the wte). 

Am. 128. 

Ex. 1 19, p. 66. Oh friend 1 if you know tell me what that number 
is, which when multiplied by 5, then increased by 9, then reduced 
to square-root, then decreased by 2, then squared, and then 
lessened by i, and then divided by 8, oh ganakal certainly 
Comes to 3. 

r Ana. 8. 

Ex. i2o,p. 67.” Oh young woman with unsteady eyes I if you indeed know 
the correct vilomakriya (operation of inversion) tell (me) that 
number which when multiplied by 3, increased by three-fourths 
of it, divided by 7, lessened by one-third of it, multiplied by itself, 
lessened by 52, reduced to square-root, increased by 8 and divided 
by 10 comes to 2. 

Am. 28. 

J Thisineans solving the equation f|x|o+^==!®. 
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Wotii til, p. 68. If one and a half poZo* of musk can be obtained for tw#Pe 
and onerfonrth drammas, then for what can we obtain seven and 
one-third paZasf 

Am. 59 dmmrns, 14 panas and laqKirdiJcds. 

Ex. 122, p. 69. Oh learned individual ! if you know trairds'ika, let it b© 
said as to how many palas of camphor can be had for 100 drammas 
■when 1 1' paZas of camphor can be had for i6 s- drammas — the 
camphor which vies with the beauty of the split of the tusks of a 
lOTdiy elephant and to which a swarm of bees is called (attracted) 
by (its) odour. 

Ans. 9 falas, i dhataka, and iiff mllas. 

Ex. 123, p. 70. When the amount in futurity on 100 is 6, tell, oh 
friend ! what is the amount in a total of 1000 ? [ This comes to 

saying; Oh friend 1 tell (me) what 1000 will yield when jo6 
yield 6? 3 

dm56|§. 

Es>>. 124, p, 70. Oh ganahal if i| dJuatakas ofhunlcama are obtained 
for panas, how much will ij- palm cost? 

Am. 4 drammas, 10 panas, 2 kdlcin %8 and i3|- Icapardakas. 

Ex. 125, p. 7r. Oh friend ! if 2 | mdnikds are obtained for 8 minus! (8 rj) ^ 
patfAJ^, say for what ipo| manikas can be had. 

Ans. 19 draimnas, 12 panas, and 4 kapardakas. 

®s. 126, p. 71. Oh learned man! \i 2\ mdi,n%s of corn can be had for 6! 
dramimm, t§}l me quickly what can be had for 8 q| dramrm», 
incaseyosr intellect m. smhhyd-s'asira (the science of numbers) 
is developed. 

Am, 28 mdmkds and 2^1 hdrikas. 

Ex. 127, p. 72. Oh one with good intelligence 1 if a certain lord ot eler 
phants haying -a series of bees roaming about his cheeks starts to go, 
on remembering the sport with a female elephant of Vindhya and 
goes one-third of one half (i. e. !) jc^ana in i| days (lit. two less by 
half), then within how many days can he go 70 yojanas ? 

Am. 1 year and 9 months. 

Ex. 128, p. 73. If a serpent having a body three and a half hands (in 
length) goes in a hole one and a half aiigulas in one-third of a gkeeth 

- oh gajiaka ! say quickly in what time it will enter it. 

Ans. 18 ghati/ids and 4opaZa8; 

Ex, 129, p. 73. If one gadydnaka of gold along with one dharana of it 
is really obtained for 14! drammas, oh friend ! how much gold can > ‘ 
be had for ninety minus one-third ( 90 - J ) drammas ? 

Am. 9 gadyaV-zkas, 4 nispdvas and 2^1 yapas. 

1 Cf. Gapitasarasangraha p. 59 (v, 9), . . 
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iSte. 13d, p. 74. What is the number of necklaces each containing 6 
selikds that can be forhaed out of 16 necklaces each containing 8 
adikda ? Oh friend ! tell (me that) definitely. 

Ans. 21I-. 

\/ Edo. 1 3 1, p. 74, How much gold of 1 1 varnihas can be obtained by giving 
mnQty gadydnakas of gold of 16 varnilcasf 

A'ns.i^o'^gadydnakas. 

? Exs. 132-135, p. 75. What is the interest of ,76 in a year at the rate of 

■ 5 per cent per month ? Oh learned man ! if you know the operation 

of (the rule of five), tell me time, rate and principal 

from two of them. . . , _ . 

iLm 45I; 12 months ; 5% ; and 100 ; 

I ' v 

! 136, p. 76. If 2| is the interest of ioo| in | month, say what the 

interest of twenty minus one-fourth ( 20 -J) in 8|- months will be ? 

Am. 

V Ex. i 37 > P- 77. Oh learned man 1 if 3 workers get 20 panas (by working) 
for two days, tell me what 8 men will get (by working) for five days. 

Am. I papas. 

Ex. 138, p. 78. If 8 mdnilcds of s'aZi (rice) are carried to one yojana for 
6 3?anas'"as wages, oh learned man ! tell me the wages for (taking ) / 
63 mdnikds to 18 Icros'as (literally six multiplied by three).® 

Ans. 212^ panas. • 

Ex. 139, p. 78. If a hambala having two for its breadth and eight for its 
length costs ten, let (me) be told what two others having three 
(for breadth) and nine for length will cost ? 

. . 33 |. 

Ex. 140, p. 79. If a s'ild (stone) having 9, 5 and i hastikd (respectively) 
for its length, breadth~aha thickness costs 8, say for what will be got 
2 stones each of which has for its length, breadth and thickness 10, 

^ and 2 hastilcds. 

Am. 49J. 

Ex. 141, p. 79. If 30 33 a#as, (each of which is) 12 angulas in thicknes^ss, 

16 (lit. 4®) in width and 14 toias in length cost 100, oh 

friend I tell me what 14 j)a#as having their breadth, length , and 
thickness each lessened by 4 cost ? 

il'ns. i6| (dramrms). 

Ex. 142, p. 80. If 8 clrammas are to be paid as wages__to cart-drivers for ^ 
bringing back the ^jos^as which have their measures as stated 

1 a. GaT^itasdrasatlffraha p. 60 (^v. 18). 

2 mu, p. 63 (r. 36). 
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befttfe, when they have gone to one gavyuii, tell ( me ) what wages 
will have to be paid in the case of other patfm which are as stated 
later and whose measures are less by four than those (of the former), 
when they have gone to six gavyUtis. 

Am. 8 dmmims. 

Ex, 143, p. 80. If 16 mangoes are indeed obtainable for one po«a, and a 
hundred pomegranates for 3 pamas, oh sraw-ate ! tell me how many 
pomegranate«fruits can be had by^exchanging them with 12 mangoes./ 

Am. 25, 

Ex. 144, p. 81. If two falas of agwu can be obtained for six, and one 
pala of musk for nine, let it be said as to how much musk can be had 
by (exchanging it) with seven p<das of agmu. 

Am. 2\falas. 

Ex. 145, p, 81. If a woman 16 years old get seventy, let it be said what 
another woman 20 years in age and having the same beauty and 
colour will get, in case you have exerted yourself in ganita.^ 

Am. 56. 

Ex. 146) p, 82. Oh friend ! if three camels ten years old are obtained for 
108, tell (me) soon what eight camels nine years old and having the 
same beauty and speed cost.® 

Am. 320. 

Ex8. 147-148, p. 83. Oh friend ! at the rate of 5 per cent per month the 
Sum of interest and principal (i. e. aihbiint) is found (in a year) to be 
'9S (lit. hundred less by four ). What is the principal and what is the 
interest 

Ane. 60 ; and 36. 


Ex8. 149-153, p. 83, The fruit of 100 in a month was, oh learned man ! 5 
(as interest), i for futurity (bhavyaka), | dramma for profession (vriti) 
and likewise | for the scribe (lekhalca). In 12 months the mixed 
amount was 905. Tell, oh friend! if you have proficiency in 
mis'rakavyavhrti ( the treatment of mixed quantities ), what were the 
principal etc.?” 

Am. mvladham 500; kaldniara 300; bhdvycdea 6o‘, 
vrtti 30; and kldiaka 15. 

Ex. 154, p. 85. If hundred drammaa become^ (in interest) per month, 
tell (me) what the interest will be in 12 months ? 




1 Cf. OaTf.itasttrasangi'aha p. 63 (v. 40). 

2 Ibid,, p. 63 (v. 39). 


Am. 60. 
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iS5y p. 85. If six dErammas are the increase in two hundred per 
month, when will that sum be three times ? 

5 years, 6 monthsTand 20 days. 

156, p. 86, If five j)a«as are the increase in twenty fanasm a couple 
of months, tell me in what time my wealth will be one and a half 
times as it is. 

Am. 4 months, 

Exs. 157-158, pp. 86-87. Oh cZMrffl! one increasing by one time 100 were 
applied at the rate of 2, 3, 4 and 5 per cent per month respectively; 
months elapsed were respectively 7, 8, 6 and 12. If elcapatra (average^ 
be made of these 4 things tell me, oh friend ! what that average 
will be. 

.dms. time =9^^; and rate 4%. 

Eos. 159-160, p. 87. Oh friend ! make elcapatra of these very pramanas 
(amounts) with their ^Aa|as (rates of interest) increased by one 
fourth, and their months by diie third. 

Am. time 93^ months; and rate 4!%. 

Ex, 161, p. 91. Two hundred less by 10 were invested in three parts, oh 
gdnitiJca ! at the rates of interest 3, 2 and 4 per cent (respectively) 
per month. Interests obtained on these after 2, 3 and 4 months 
respectively were found to be the same. Tell quickly the values of 
the different parts. 


Am. 80, 80 and 30. 
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Tables of Measurements* as recorded in Ganitatilaka 

I Kaparda-vyavahara* 

20 varapkas (kapardika^ = iMktnf 

4 == pana 

panas = „ dmmmd {purma^ ). 

II Suvar^ia’-vyavahara 

6 yavas = i ntspava^ 

8 nispavas = ,, dharana 

2 dkaranas ^ y^^gadyanaka}^ : 

III Meya-vyavahara ^ I . ; 

14 nispavakas = i dhaiaka 

10 dkatakas = „ pal a. 

IV Kapamana-vyavahara ^ - 
/[ padikas = i manaha 

> 1 Weights and measures used in ancient times in India have been discussed 

by Durgashankar "K. Shastri in his Gujarati article i^crt ^ ttft” 

published in “The Keport and essays of the sixth Gujarati Sahitya-parisad’’ 
(pp, 53-70) in 1923. 

Some of the tables pertaining to weights and coins are given in ‘TAe 
coins and weights in published in *‘The Indian Historical 

Quarterly” voL TII, No. 4, pp. 689-702, December 1931. 

2 Compare Llldvaii v. 2. There we find as additional information the 

drammas— l niska. 

3 See p. 39. On p. 71 we have the word hapardaha. The corresponding 
word in Gujarati is hodl^ 

4 The corresponding word in Gujarati is hhmkhmgi It is also 

known as hod%^ 

5 Compare the Greek word drachme and the Gujarati dama^ 

6 See p. 39. 

7 In Prameyaratnamanjusd ( p. 22^^ ), the commentary on Jamhiidmpa* 
prajilapti ( sutra 54) we find the following remark:— 

8 Simhatilaka explains this as ^^smar^amlla”. Tide p. 2. 

9 In Gujarati this is called gadiyd^o^ 

10 Compare Lilmatl v, 3 where it is said: 2 yams«^l gunjdi and 3 gnnjas 
ssl mlla» 
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4 m^nakas^ « i setikM 

10 setikas « „ Mrf. 

V Kisetra-vyavahara 

6 yavas (without turn) = i ahgulc^ 

angulas = „ hasta^^ hastiM^ ox pSni 

4 paf^is = „ danda or dan^aka 

20 dandakas — ,, rcyju 

3 rafjus (samadri) = „ nivartand 

2000 dandas = „ krodcd 

4 krodas = „ yoj ana. 

VI Kala-vyavabara 


6 o pranas 

=s I vinadl 

„ vinadls 

=5 „ ghaiika or ghaU 

,, ghatUas 

= „ ahoratra. 

30 ahoratras 

== „ masa 

12 masas 

=» ,, samvatsarcd. 


These tables may be compared with those given in the 
introduction on pp, XXXVII to XL. For further comparison, 
I may give here some of the tables from old works. 

To begin with, in the S'atapatha Brahmana (c. 2000 B. C,) 
minute divisions of time are noted. They may be represented 
as underl- 
ie pranas^ = I idanl 

„ idanls — „ itarhi 

„ itarhis ^ „ h^pra 

„ ksipras » „ muhuria. 

1 Maniha and manl are used on p. 78. 

2 400 hdrikas go by the very name. So says Simhatilaka on p. 2. 

3 In L%lmat% (Y.5)yre have : 8 yavodaras » 1 angula ; and 10 dwQdm =* 

1 vam$*a, 

4 As regards hasta and its varieties, the reader may refer to '‘Inductive 
Metrology” or "The recovery of Ancient measurements from the monuments’^ 
(pp, 125--rl30) by W. M. Flinders Petrie. 

5 See p. 79, On p. 73 we have the word leara, 

6 See Updsahadm'dnga where its Prakrit equivalent ni^atia^a oooui^ 
See Dr, Hoernle’s edn, (Biblotheca Indica, pp. 14 ^nd 80 

7 The word gavyuti occurs on p. SQ, 

8 In this connection Simhatilak^jj mentions prmdlaha. Tide p. 3. 

9 The prdT^ia here referred to^ is approximately equal to second* 
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muhUrtas ^ % dimsa^. 

In £aMtimisiara{p. 168 y linear measures are noted as 
under:— 


7 paramanmaja 

» I rmu 

„ renus 

=* ,, truti 

„ tfutis 

„ vatayanarajas 
„ s'as'arajas 

== „ vMd,yanaraja 
— „ s'as'araja 

== „ edakaraja 

„ edakarajas 

= „ goraja 

n gorajas 

= „ likmraja 

„ Uksarajas 

= „ sarsapa 

„ sarmpas 

= „ yava^ 

„ yavas 

. = „ anguUpamatd' 

12 anguliparvans 

= „ vitasti 

2 vitastis 

= „ hasta 

4 kastas 

— „ dhamisya 

1000 dhanusyas 

- „ kroda 

4 krodas 

= „ yojanap. 


Kautilya’s Art/tas'astra (11. 18. 17) furnishes us with 
weights and measures as under : — 

10 dhanyamasas =1 suvarn^^ma&aka 
S gunjas^ = » „ 

16 SUV amamasakas == „ karsa ox suvarna 
4 karms = „ pala 

80 gaurasarsapas = „ rupyatnasaka 

16 rupyammakas = „ dhararia 

20 daiblyas — „ „ 

„ iandulas = » vajradharana. 

In AhhidhUnappadlpika^ some of the weights and measures 
are mentioned. The pertinent verses given on pp. 70-71 are 
as under: — 

1 Arhatadars^anadi^piha ( pp, 587-589 ) may bo consulted. 

2 This page refers to R. Mitra’s edition, Calcutta, 1877. Cf, Datta and 
Singh, h c.^ p. 187. 

3-4 These are translated as ‘breadth of barley’ and ‘breadth of finger* 
respectively by Datta and Singh, c., p. 187. 

5 From this it can be seen that a parama^u = 1,3 x 7““^^ inches, 

6 In Gujarati, this is called ca^oth% 


106 


APPENDIX II 


“(=g;^rT^r i 

(i') STSF^^TT. (iTPa^ 4'3'TO:iT) moT. (3T|%) II 8 \S*«. 11 
■^IW. >Tg- 1 ") I 

qr^. (¥rpt =5r3?% ^) (^rcanl^) (?^) 11 il 
(w^cT ^si) 5fn^. ^ gsrr) i 

(3T^) ^TIFPJTt, (i[fc«r ii II 

1^, q^. (^3^) (^ 'sr^^ 

sTRsi^. ('qid qc?rr) itm. (qr =grg ^ 5 5 t%) ii ll 
wfoRJT. (=5rg:^t ^r) (?5!ft =g- gqii^q;i) i 

(«r) #qT) II 11 

sTRSi^, 3^. qrsit, ( 3 ) 5nfe. (;nM) I 

(3) (%q^ ^orr g) swujt, n acg n” 

One can easily proceed on these lines. So I shall simply 
mention a few more works wherein the topic of weights and 
measures is dealt with. They are: (i) Manusmrii^ (VIII, v. 
131-138), (3) Bhavisyatpuranc^, ^3) Sus'ruta 
adhyaya XXXI), (4) Car aka (kalpasthana, adhyaya XII), 
(5) Amarakos'a (II ; v. 938-943), (6-7) S'ridharacarya's 

Patlganiia ^rxd Tris! atJ, (8) Ganitas^rasangraha (I, v. 25-45*), 
(9) Ahhidhanacintamani (III. v. 547.549)® and (10) PurDa- 
kalas'a’s commentary on Dvyadraya^ 


1 Ydjnavalhyasrrirti and Fdraiimmrti, too, may be consulted, 

2 FadmapuraT^pa may be also referred to. 

3 “Positive sciences of the ancient Hindus” ( pp. 80-84 and 148 ) by 
Dr. Brajendranath Seal may be consulted. 

4 See Bombay Sanskrit and Prakrit Series No. LXIX (p, 328) and 
No. LXXVI (pp. 381-«380 etc.). These numbers represent Parts I and II 
respectivelyf 
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(^. if. 

1 

3W?: ( Jii. ) 

o 



( IT. ) 


t.®) 


( *%.; IT. m. ) 

o 

31#^# (w. STT. i^. w.^) 


sripfBr ( 51. m. ) 

a 

snT ( 50". if. TtT. ) 

\s 

( vrr. itr. is. m. ) 

a 

srfe ( ’Tt®.; 5T. m. C ) 


( »T. m. t. ) 

a 

(w. if. TTT.) 


3R ( w. HT. fe. ?rr. ) 

a 

STf ( 5^.; 3tr. IT. C ) 


spR ( 5iTr. irr. i. ^rr. ) 

A 

(’Tt.; ’T. m. t.) 


sri: ( *!r. 3?r. i%. TTT. ) 


sif ( »rr. JTT. if. TTT. ) 

lo 

*3T^ ( ^ft; IT. i, ?. 


( ’Tt.; *T. m. t. ) 



a 

(^. Jtr. if. ITT.) 


3T# 


(w. m. if. w.) 


ITT. if. JTT. ) 

H 

sTcsrfs ( w. 5ir. if. ?Tr. ) 

\SS 

3Ttg; ( ¥rr. JIT. if. JIT. ) 

5.a 

srfir ( 5Tr. ST. if. w. ) 

\S 

siRTt ( »rr. ar. m . ) 

lo 

3Tf|[ (>Tt.; *r. t. ) 


STsar ( JTt.; II. ?n. ) 

\s 

(»I. t.) 

c 


A 

3R5f (»T. ?fr. ±) 


3Tf^ ( sfir. 31. if. ?rr. ) 

A 

( »r. m. t. ) 


3Tf^ ( IT. ?rr. ± ) 

\9 

( ¥rr. srr. if. m . ) 


3Tfl(iii'.) 


3iff^(¥rr. irr. jtt.) 

<i 

STf q; ( W. 31. if. ITT.) 


(’Tt.; 5IT. ’T.i.i.'SA ) o 

3T%( nt. ) 


STwT ( *n'. srr. if. ??T.) 

(?!}■.; n. OT. t; TT. i. ?. ^ 

1 

°) « 

311 

sTTifT^ ( IT. far. t . ) 

o 

srair ( ^. sr. ?Tr. ) 


Snf^C ( III. 31. 5RT. ) 

\ 


1 In this Appendix referred to in the introduction on p. XXIII, are given 
Words collected from various sources, the names of all of which, I regret, I cannot 
mention now, as they have not been so noted, I have, however, tried to find 
out words which occur in Golddhyaya and in Ga^iiasdrasangraha, and then 
in order to find out the remaining words I have referred to Bharatiya prdcma 
Upimdld, Side by side I have taken note of words found for the first time 
in Gan^itatilaka and have marked them with an asterisk. 

2 1^. stands for Gav^itaiilaha and for ^page’. 

3 This is the abbreviation here used for GaT^itasdrasahgraha. 

4 This is the abbreviation here used for Bharatiya prdclna lipimdld (pJ20). 

6 This stands for Golddhyaya, 
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snf^ ( gr. JIT. R gr. ) 


BTTg ( gr. jit. R gr. ) 

a 

sTRn ( gr. gr. i^. gr. ) 

to 

snsw ( gr. jit. R gr. ) 

a 

5 

55T ( g. gr. t. ) 


( g>.i g. gr. g. ) 

t 

itp»^ 

t^ 

??s[ (R; g. gr. R) 

t« 

( g. gr. it. ) 


far ( g. gr. t. ) 

<: 

^ ( gr. gr. R gr. ) 

t 

*?S (R; g* gr. g’.; g. R g. 

v H 

t 

( g. gr. t. ) 


f?ir ( gr. gr. gr. ) 

tt 

f jgt ( gr. gr. R gr. ) 

tt 

.■ ^ 

( gr. gr. i^. gr. ) 

t\s 

( gr. gr. gr. ) 


53'^ ( g. gr. R ) 

a 

g:%?s[ ( g. gr. g. ) 

% 

^#tT ( gr. gr. R gr. ) 

t 


t^i 


5Rg(gr.; g. gr. g. ) 


( gr. gr. ■^. gr. ) 

\s 


sTts ( gi- gf- ) 

, "A 

51 


t 

■ ■■ . 

gr. gr. R gr. ) 

to 

lit ( R.; g. gr. g. ) 

51 

irtRg: 

C 

irtoft-ir ( g. gr. ) 

\ 

^ftg: ( g. gr. g. ) 
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SELECT OPINIONS 


Sylvain Levi : The Gaekwad’s Series is standing 
at the head of the many collections now pub- 
lished in India. 

Asiatic Review, London ; It is one of the best 
series issued in the East as regards the get up of 
the individual volumes as well as the able 
editorship of the series and separate works. 

Presidential Address, Patna Session of the Oriental 
Conference : Work of the same class is being 
done in Mysore, Travancore, Kashmir, Benares, 
and elsewhere, but the organisation at Baroda 
appears to lead. 

Indian Art and Letters, London : The scientific 
publications known as the “ Oriental Series ” 
of the Maharaja Gaekwar are known to and 
highly valued by scholars in all parts of the 
world. 

Journal of the Royal Asiatic Society, London: 
Thanks to enlightened patronage and vigor- 
ous management the “Gaekwad’s Oriental 
Series ” is going from strength to strength. 

Sir Jadunath Sarkar, Kt. : The valuable Indian 
histories included in the “ Gaekwad’s Ori- 
ental Series” will stand as an enduring 
monument to the enlightened liberality of 
the Ruler of Baroda and the wisdom of his 
advisers. 

The Times Literary Supplement, London ; These 
studies are a valuable addition to Western 
learning and reflect great credit on the 
editor and His Highness. 



GAEKWAD’S ORIENTAL SERIES 


Critical editions of imprinted and original works of Oriental 
Literature, edited by competent scholars, and published 
: ■ at the. Oriental Institute, Baroda 

1. BOOKS PUBLISHED, 

1. Kavyamimaihsa : a' work on poetics, by Rajasekhara 

(880-920 A.D.) : edited by C. D. Bala! and R. Ananta- 
krishna Sastry, 1916. Reissued, 1924. Third edition 
revised and enlarged by Pandit K. S. Ramaswami 
Shastri of the Oriental Institute, Baroda, 1934 * . 2-0 

This book has been set as a text-book by several U nimrsities mduding 
BenareSj Bombay, and Patna, 

2. Naranarayanananda : a poem on the Paurauic story of 

Arjuna and Krsna’s rambles on Mount Girnar, by t^s- 
tupaia, Minister of King Viradbavala of Dholka, com- 
posed between Samvat 1277 and 1287, i,e., A.I). 1221 
and 1231 : edited by C. B. Balal and R. Anantakrishna 
Sastry, 1916 .. .. Out of print, 

3. Tarkasahgraha ; a work on Philosophy (refutation of 

Vai^esika theory of atomic creation) by Anandajfiana 
or Anandagiri, the famous commentators on Sankara- 
car^^a’s Bhasyas, who flourished in the latter half of 
the 13th century : edited by T. M. TripatM, 1917. Out of frmd, 

4. Parthaparakrama : a drama describing Arjuna's re- 

covery of the cows of King Virata, by Prahladanadeva, 
the founder of Palanpur and the younger brother of 
the Paramara king of Chandra vati (a state in Marwar), 
and a feudatory of the kings of Guzerat, who was a 
Ynvaraja in Samvat 1220 or A.B. 1164; edited by 
C. B. Balal, 1917 . . . . . . Out of print, 

5. Rastraudhavamsa : an historical poem (Mahakavya) 

describing the history of the Bagulas of Mayuragiri, 
from Rastraudha, king of Kanauj and the originator 
of the dynasty, to Narayana Shah of Mayuragiri, by 
Rudra Kavi, composed in Saka 1518 or A.B. 1596 : 
edited by Pandit Embar Krishnamacharya with Intro- 
duction by C. B. Balal, 1917 . . . . Out of .print , 

6. Linganusasaiia : on Grammar, by Vamana, who lived 

between the last quarter of the 8th century and the 
first quarter of the 9th century: edited by 0. B. 

, , .. : . , :: o-8 

7. Vasantaviiasa : an historical poem (Mahakavya) de* 

scribing the life of Vastupaia and the history of 



2 


Rs. A.. 

Guzerat, by Balacbandrasuri (from Modberaka or 
Modhera in Kadi Prant, Baroda State) , contemporary 
of Vastnpala, composed after his death for his son in 
Samvat 1296 (A.D. 1240) : edited by C. D. Dalai, 1917 1-8 

8. Rupakasatkam : six dramas by Vatsara ja, minister of 

Paramardideva of Kalinjara,' who lived between the 
2nd half of the 12th and the 1st quarter of 13th cen- 
tury : edited by C. D. Dalai, 1918 . • Out of print. 

9. Mohapatajaya : an allegorical drama describing the 

overcoming of Eang Moha (Temptation), or the conver- 
sion of Kumarapala, the Chalukya King of Guzerat, 
to Jainism, by Yasahpala, an officer of King Ajaya- 
deva, son of Kumarapala, who reigned from A*D. 1229 
to 1232 : edited by Muni Chaturvijayaji with Introduc- 
tion and Appendices by C. D, Dalai, 1918 . . 2-0 

10. Hammiramadamardana : a drama glorifying the two 

brothers, Vastupala and Tejahpala, and their King Vira- 
dhavala of Dhqlka, by Jayasimhasuri, pupil of Vira- 
suri, and an Acarya of the temple of Munisuvrata 
at Broach, composed between Samvat 1276 and 1286 
or A.D. 1220 and 1239 : edited by 0. D. Dalai, 1920 . . 2-0 

11. Udayasnndarikatha : a romance (Campu, in prose and 

poetry) by Soddhala, a contemporary of and patronised 
by the three brothers, Chchittaraja, Nagarjuna, and 
Mummuniraja, successive rulers of Konkan, composed 
between A.D. 1026 and 1050 : edited by C. D. Dalai 
and Pandit Embar Krishnamachary a, 1920 .. 2-4 

12. Mahavidyavidambana ; a work on Kyaya Philosophy, 

by Bhatta Vadindra who lived about A.D. 1210 to 
1274 : edited by M. R. Telang, 1920 . . . . 2-8 

13. Pracinagurjarakavysangraba : a collection of old 

Guzerati poems dating from 12th to 15th centuries 
A.D. : edited by C. D. Dalai, 1920 .. . . 2-4 

14. Knmarapalapratibodha : a biographical work in 

Prakrta, by Somaprabhacharya, composed in Samvat 
1241 or A.D. 1195 : edited by Muni Jinavijayaji, 1920 

15. Ganakarika : a work on Philosophy (Pasupata School), 

by Bhasarvajna who lived in the 2nd half of the 10th 
century : edited by C. D. Dalai, 1921 

16. Sangitamakaranda : a work on Music, by Karada : 

edited by M. R. Telang, 1920 . . 

17. ; Kavindracarya List : list of Sanskrit works in the 

collection of Kavindracarya, a Benares Pandit (1656 
A.D.) : edited by R. Anantakrishna Shastry, with a 
foreword by Dr. Ganganatha Jha, 1921 

18. Varabagrbyasutra : Vedic ritual (domestic) of the 

Yajurveda : edited by Dr. R. Shamasastry, 1920 

19. Lekbapaddbati : a collection of models of ■ state and pri- 

vate documents, dating from 8th to 15th centuries A.D. : 


7-8 

1- 4 

2 - 0 

0-12 

0-10 



. Es. 

edited by C. D. Dalai and G. K. Shrigoiidekar, 

1925 .. 2-0 

20. BliavisayattakaM or Paficamikahi : a romance in 

Apabbramsa language, by Dbanapala (circa 12th cen- 
tury) : edited by C. D. Dalai and Dr. P. D. Guiie, 1923 6-0 

21. A Descriptive Catalogue of the Palm-leaf and Im- 

portant Paper MSS* In the Bhandars at Jessal- 
mere, compiled by 0. D, Dalai and edited by Pandit 

L. B. Gandhi, 1923 . . . . . * 3-4 

22. Parasuramakalpaslltra ; a work on Tantra, with com- 

mentary by Ramesvara : edited by A. Mahadeva 
Sastry, B.A., 1923 . , . . Out of print. 

23. Nityotsava : a supplement to the Parasuramakalpasutra 

by Umanandanatha : edited by A. Mahadeva Sastry, 

B.A., 1923. Second revised edition by Swami Tirvik- 
rama Tirtha, 1930 . , . , . . 5-0 

24. Tantrarahasya : a work on the Prabhakara School 

of Piirvamimamsa, by Ramanujacarya : edited by Dr. 

R. Shamasastry, 1923 . . , . Out of print, 

25,32. Samarahgana : a work on architecture, town- 
planning, and engineering, by king Bhoja of Dhara 
(11th century) : edited by Mahamahopadhyaya T. 
Ganapati Shastri, Ph.D. Illustrated, 2 vois., 1924-1925 10-0 

26. 41. Sadhanamala ; a Buddhist Tantric text of rituals, 

dated 1165 A.D., consisting of 312 small works, com- 
posed by distinguished writers : edited by Benoytosh 
Bhattacharyya, M.A.,Ph.D. Illustrated. 2vols.,1925- 
1928 .. .. •. 14-0 

27. A Descriptive Catalogue of MSS. in the Centra! 

Library, Baroda ; compiled by G. K. Shrigoiidekar, 

M. A., and K. S. Ramaswami Shastri, with a Preface 

by B. Bhattacharyya, Ph.D., in 12 vols., vol. I (Veda, 
Yedalaksana, and Upanisads), 1925 . . . • 6-0 

28. Manasollasa or Abhilasitarthacintamani : an ency- 

clopsedic work treating of one hundred different topics 
connected with the Royal household and the Royal 
court, by Somesvaradeva, a Chalukya king of the 12th 
century: edited by G. K. Shrigondekar, M.A., 3 vols., 
vol. I, 1925 .. .. .. . . 2-12 

29. Nalaviiasa : a drama by Ramaohandrasuri, pupil of 

Hemachandrasuri, describing the Pauranika story of 
Nala and Damayant! : edited by G. K. Shrigondekar, 

M.A., and L. B. Gandhi, 1926 .. .. 2-4 

30. 31. ' Tattvasangraha : a Buddhist philosophical ' work 

of' the ■ 8th century, by Santaraksita, a' Professor at; , 
Naianda with Pahjika ■(commentary) by his disciple 
Kamalaffla, also a Professor at Nalanda : edited by ■ 
Pandit Embar Erishnamacharya with a Foreword ; , 
by B. Bhattacharyya, M.A., Ph.D.,, 2 vols., 1926 , , . 24-0 
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335-34. Mirat-i-Alimad! :■ by All Mahammad Kban, the 
last Moghul Dewan of Gujarat : edited in the original 
Persian by Syed Nawab Ah, M.A., Professor of Persiaiij 
Baroda College, 2 vols., illustrated, 1926-1928: , . 19-8 

35. Manavagrliyasutra : a work on Vedic ritual (domestic) 
of the Yajurveda with the Bhasya of Astavakra: 
edited with an introduction in Sanskrit by Pandit 
Ramakrishna Harshaji ^astri, with a Preface bv Prof. 

B. C. Lele, 1926 . • . . . . . 5-0 

36, 68. Natyasastra : of Bharata with the commentary of 
Abhinavagupta of Kashmir : edited by M. Ramakrishna 
Kavi, M.A., 4 vols., vol. I, illustrated, 1926, vol. II, 1934 11-0 
Vol. I {out of print), 

37. Apabhrathsakavyatrayi : consisting of three works, 

the Carcari, Upadesarasayana, and Kalasvarupakulaka, 
by Jinadatta Suri {12th century) with commentaries : 
edited with an elaborate introduction in Sanskrit by 

L. B. Gandhi, 1927 . , . . . . 4-0 

38. Nyayapravesa, Part I (Sanskrit Text) : on Buddhist 

Logic of Dihnaga, with commentaries of Haribhadra 
Suri and Parsvadeva : edited by Principal A. B. Bhruva, 

M. A., LL.B., Pro-Vice-ChanceUor, Hindu University, 

Benares, 1930 .. .. .. .. 4-0 

39. Nyayapravesa, Part II (Tibetan Text): edited with 

introduction, notes, appendices, etc., by Pandit Vidhu- 
sekhara Bhattacbaryya, Principal, Vidyabbavana, Vis- 
vabharati, 1927 . . . . . . . . 1-8 

40. Advayavajrasahgraha : consisting of twenty short 

works on Buddhist philosophy by Advayavajra, a Bud- 
dhist savant belonging to the 11th century A.D., 
edited by Mahamahopadhyaya Dr. Haraprasad Sastri, 

M.A., C.I.E., Hon. D.Litt., 1927 . . . . 2-0 

42. 60. Kalpadrukosa : standard work on Sanskrit Lexico- 

graphy, by Kesava : edited with an elaborate introduc- 
tion by the late Pandit Ramavatara Sharma, 
Sahityacharya, M.A., of Patna and index by Pandit 
Shrilmnt Sharma, 2 vols., vol. I (text), vol. II (index), 

1928-1932 .. .. .. 14-0 

43. Mirat-i-Ahmadi Supplement : by Ali Muhammad 

Khan. Translated into English from the original 
Persian by Mr. C. N. Seddon, I.C.S. {retired), and Prof. 

Syed Nawab Ali, M. A. Illustrated. Corrected reissue, 

1928 .. ^ .. 6-8 

44. Two Vajrayana Works : comprising Prajhopayavinis- 

cayasiddhi of Anahgavajra and Jnanasiddhi of Indra- 
bhuti— two important works belonging to the little 
Imown Tantra school of Buddhism (8th centur}^ 

A.D.) : edited by B. Bhattacbaryya, Ph.D., 1929 . . 3-0 

45. Bhavaprakasana' : of Saradatanaya, a comprehensive : , 

work on Dramaturgy and Rasa, belonging to 
A.D. 1175-1250; edited by His Holiness Yadugiri 
Yatiraja Swami, Melkot, and K. S. Ramaswami Sastri, 
Oriental Institute, Baroda, 1929 .. •• 7-0 
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46. Ramacarita : of , Abhinaada, Court poet of Hiravarsa 

probably tbe same as Devapaia of the Pala Dynasty of 
Bengal (cir. 9th century A.D.) : edited by K, S. Rama- 
swami Sastri, 1929 ' .. 7--8 

47. Nafijarajayasobhilsaiia ; by Npimhakavi alias AbM- 

nava Kalidasa, a work on Sanskrit Poetics and relates 
to the glorification of Nanjaraja, son of Virabhiipa of 
Mysore : edited by Pandit E. K^ishnamacharya, 1930 5-0 

48. Na|yadarpana ; on dramaturg}^, by Ramacandra Sort 

with his own commentary : edited by Pandit L. B. 

Gandhi and 6. K. Shrigondekar, M.A. 2 vols., voL I, 

1929 .. .. .. .. 4-8 

49. Pre-DMnaga Buddhist Texts on Logic from 

Chinese Sources : containing the English translation 
of Satdsastm of Aryadeya, Tibetan test and English 
translation of Vigralia-vydvartam of Kagarjniia and the 
re-translation into Sanskrit from Chinese of Ufdyahr- 
daya and Tarhasdstra : edited bv Prof. Giiisexjjje Tncoi, 

1930 . . . . . . . 9-0 

50. Mirat-i-Ahmadi Supplement : Persian text giving 

an account of Guzerat, by Ali Muhammad Khan : 
edited by Syed Nawab Ali, M.A., Principal, Bahaud- 
din College, Junagadh, 1930 .. .. 6-0 

51, 77. Trisastisaiakapurusacaritra: of Hemacandra, trans- 
lated into English with copious notes by Dr. Helen 
M. Johnson of Osceola, Missouri, U.S.A. 4 vols., voL I 
(Adisvaracaritra), illustrated, 1931 ; vol. II, 1937 (shortly) 15-0 

52. Daiadaviveka ; a comprehensive Penal Code of the 

ancient Hindus by Vardhamana of the 15th century 
A.D. : edited by Mahamahopadhyaya Kamala Krsna 
Smrtitirtha, 1931 . . . . . . . . 8-8 

53. Tathagataguhyaka or Guhyasamaja : the earliest and 

the most authoritative work of the Tantra School of 
the Buddhists (3rd century A.D.) : edited by B. Bhatta- 
oharyya,Ph.D., 1931 .. .. 4-4 

54. Jayakhyasamhita : an authoritative Pancaratra work 

of tbe 5th century A.D., highly respected by the South 
Indian Vaisnavas: edited by Pandit E. Krishnama- 
charyya of Yadtal, with one illustration in nine colours 
and a Foreword by B. Bhattacharyya, Ph.D., 1931 . . 12-0 

55. Eavyalankarasarasamgraha : of Udbhata with the 

commentary, probably the same as Udbhataviveka of 
Eajanaka Tilaka (llth century A.D.) : edited by K. S. 
Ramaswami Sastri, 1931 . . . . • • 2-0 

56. Parinanda Sutra; an ancient Tantric work of hbe, ' : 

Hindus in Sutra form giving details of many praGtices 
and rites of a new School of Tantra : edited by S warn! 
Trivikrama Tirtha with a Foreword by B. Bhatta- 
charyya, Ph.D., 1931 
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57 , 69. AtiSaa-iit-Tawarikii : history of the Safawi Period of 
Persian History, 15th and 16th centuries, hy Hasan-' 
i-Rinnln : edited by C. N. Seddon, I.C.S. (retired), 

Reader in Persian and Marathi, University of Oxford, 

2 vols. (Persian text and translation in English), 
..1932-34 .. 19-8 

58. Padmananda Mahakavya: giving the life history of 

Rsabhadeva, the first Tirthahkara of the Jainas, by 
Amarachandra Kavi of the 13th century : edited by 
H. R. Kapadia, M.A., 1932 . . . . . . 14-0 

59. Sabdaratnasamanvaya : an interesting lexicon of the 

Nanartha class in Sanskrit compiled by the Maratha 
Ejjig Sahaji of Tanjore: edited by Pandit Vitthala 
Sastri, Sanskrit Patha^ala, Baroda, with a Foreword by 
B. Bhattacharyya, Ph.D., 1932 . . . . 11-0 

61. Saktisahgama Taiitra : a volnminons compendium of 

the Hindu Tantra comprising fonr books on Kali, Tara, 
Sundari and Chhinnamasta : edited by B. Bhatta- 
charyya, M.A., Ph.D., 4 vols., voL I, Kalikhanda, 1932 2-8 

62. Prajhaparamitas : commentaries on the Prajnapara- 

mita, a Buddhist philosophical work : edited by 
Giuseppe Tucci, Member, Italian Academy, 2 vols., 
voL I, 1932 .. .. .. .. 12-0 

63. Tarikh-i»Mubarakhshahi: an authentic and contem- 

porary account of the kings of the Saiyyid Dynasty of 
Delhi : translated into English from original Persian by 
Kama! Krishna Basu, M.A., Professor, T.N.J. College, 
Bhagalpur, with a Foreword by Sir Jadunath Sarkar, 

Kt., 1932 . . . . . . . . 7-8 

64. Siddhantabindo ; on Vedanta philosophy, by Madhusu- 

dana Sarasvati with commentary of Purusottama: 
edited by P. C. Divanji, M.A., LL.M., 1933 . . 11-0 

65. Istasiddhis on Vedanta philosophy, by Vimuktatma, 

disciple of Avyayatma, with the author’s own comment- 
ary: edited by M. Hiriyanna, M.A., Retired Professor 
of Sanskrit, Maharaja’s College, Mysore, 1933 . . 14-0 

66. 70, 73. Shabara-Bhasya ; on the Mimamsa Sutras of 

Jaimini : Translated into English by Mahamahopadh- 
yaya Dr, Ganganath Jha, M,A., D.Litt., etc,, Vice- 
Chancellor, University of Allahabad, in 3 vols., 1933- 
1936 .. .. 48-0 

67. Sanskrit Texts from Bali : comprising a large num- 

ber of Hindu and Buddhist ritualistic, religious and 
other texts recovered from the islands of Java and Bali 
with comparisons: edited by Professor Sylvain Levi, 

. 1933 .. .. 3-8 

71. Narayana Sataka: a devotional poem of high literary 
merit by Vidyakara with the commentary of Pitambara : 
edited by Pandit Shrikant Sharma, 1935 . . . . 2-0 
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72. R§jadliariiiH“Ka.iistiil>lia : an slabora-te Smrti work on 
Rajadharni'a, Rajaniti and tlie requirements of kings^. 
by Anaiitadeva : edited by the late Mahanialiopadliyaya ■ 
Kamala Krishna Smrtitirtha, 1935 ' . . " . , 10™.0 

74. Portuguese Vocables in Asiatic Languages : trans- 

lated into English from Portuguese by Prof, A. X. 

Soares, M,A., LL.B., Baroda College, Baroda, 1936 . . 12-0 

75. Nayakaratna ; a commentary on the Nyayaratnamala 

of Parthasarathi Msra hj Ramanuja of the Prabliakara 
School: edited by K. S. Ramaswami Sastri of the 
Oriental Institute, Baroda, 1937 . . . . 4-8 

76. A Descriptive Catalogue of MSS. in the Jain Bhan- 

dars at Pattan : edited from the notes of the late Mr. 

C. D. Dalai, M.A., by L. B. Gandhi, 2 vols., vol. I, 1937 8-0 

78. Gainiitatilaka : of Sripati with the commentary of 
Simhatiiaka, a non- Jain work on Arithmetic with 
a Jain commentary: edited by H. Pv. Kapadia, M.A., 

1937 .. .. ; 4-0 


II. BOOKS m THE PRESS. 

L Natyasastra 2 edited by M. Ramakrishna Kavi, 4 vols., 
vol. III. 

2. Manasoliasa or Abhiiasitarthacintamani, edited by G. K. 

Shrigondekar, M.A., 3 vols., vol. II. 

3. Alamkaramahodadhi : a famous work on Sanskrit 

Poetics composed by Xarendraprabha Suri at the 
request of Minister Vastupala in 1226 A.D. : edited by 
Lalchandra B. Gandhi of the Oriental Institute, Baroda. 

4. Suktimoktavali ; a well-known Sanskrit work on 

Anthology, of Jalliana, a contemporary of King Krsna 
of the Northern Yadava Dynasty (A.D. 1247) : edited 
by Pandit E. Krishnamacharya, Sanskrit Pathasala, 
Vadtal. 

5. Dvadasiranayacakra : an ancient polemical treatise 

giving a resume of the different philosophical systems 
with a refutation of the same from the Jain stand- 
point by Mallavadi Suri with a commentary by 
Simhasiiri Gani : edited by Muni Caturvijayaji. 

6. Hamsa»vi!isa : of Hamsa Bhiksu : forms an elaborate 

defence of the various mystic practices and worship: 
edited by Swami Trivikrama Tirtha. 

7. Tattvasaffgraha : of Sahtarak^ita with the commen- 

tary of Kamalasila : translated into English by Maha- 
mahopadhyaya Dr. Ganganath Jha, 

8. Krtyakalpatam 2 „of Laksmidhara, minister of King 

Govindachandra of Kanauj : edited by Principal K, V. 
Rangaswami Aiyangar, Hindu University, Benares. 
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Brfiaspat! Smrti, being a reconstructed text of the 
now lost work of Brhaspati : edited by Principal K. V„ 
Rangaswami Aiyangar, Hindu University, Benares. 


IIL BOOKS UNDER- PREPARATION. 

L A Descriptive Catalogue of MSS. in the Oriental 
Institute, Baroda : compiled by the Library staff, 12 
vols,, voi. II (Srauta, Dharma, and Grhya Sutras). 

2. Prajnaparamitas ; commentaries on the Prajnapara- 

mita, a Buddhist philosophical work: edited b}^ Prof. 
Giuseppe Tucci, 2 vols., vol. II. 

3. Saktisangama Tantra ; comprising four books on Kali, 

Tara, Sundari, and Chhimiamasta : edited by B. 
Bhattacharyya, Ph.D., 4 vols., vols. II-IV. 

4. Natyadarpana : introduction in Sanskrit giving an 

account of the antiquity and usefulness of the In- 
dian drama, the different theories on Rasa, and an ex- 
amination of the problems raised by the text, by 
L. B. Gandhi, 2 vols., voi. II. 

5. Gurjararasavali : a collection of several old Gujarati 

Rasas : edited by Messrs. B. K; Thakore, M. D. Desai, 
and M. C. Modi. 

6. Parasurama-Kalpasutra ; an important work on Tantra 

with the commentary of Rames vara : second revised 
edition by Swami Trivikrama Tirtha. 

7. Tarkabhasa : a work on Buddhist Logic, by Mok^akara 

Gupta of the Jagaddala monastery : edited with a 
Sanskrit commentary by Pandit Embar Krishnama- 
charya of VadtaL 

8. Madbavanala-Kamakandala : a romance in old Western 

Rajasthani by Ganapati, a Kayastha from Amod: 
edited by M. R. Majumdar, M.A., LL.B. 

9. A Descriptive Catalogue of MSS. in the Oriental 

Institute, Baroda: compiled by the Library staff, 12 
vols., voL III (Smrti MSS.). 

10. An Alphabetical List of MSS. in the Oriental Insti- 

tute, Baroda; compiled from the existing card cata- 
logue by the Superintendent, Printed Section. 

11. Nitikaipataru : the famous Niti work of Ksemendra : 

edited by Sardar K. M. Panikkar, M.A., of Patiala. 

12. Chhakkammuvaeso :■ an Apabhramsa work of the Jains 

containing didactic religious teachings : edited by 
B. Gandhi, Jain Pandit. 
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13. Saifirat SMdtiaiita : the weii-known work oii Astro- 
\ iiomy of Jagannatha Pandit: critically edited with 

numerous diagrams by Pandit Kedar .Nath, Raj jyotisi,. ' 
Jaipur. 

14. Vimalaprabhi : the famous commentary on the Kala- 

eakra Tantra and the most' important work of the 
Kalacakra School of the Buddhists: edited with com- 
parisons of the Tibetan and Chinese versions by Giuseppe 
Tucei of the Italian Academy. 

15. Nlfpannayogambara Tantra ; describing a large 

number of mandalas or magic circles and numerous 
deities : edited by B. Bhattaeharyya. 

16. Basatin-i-Salatin ; a contemporary account of the 

Sultans of Bijapur: translated into English M. A. 

Kazi of the Baroda College and B. Bhattaeharyya. 

17. Madana Mabarnava : a Smrti work principally dealing 

with the doctrine of Ivarmavipaka composed during 
the reign of Mandhata son of Madanapala: edited by 
Embar Krishnamacharya. 

18. Trlsastisalakapurusacaritra : of Hemacandra: trans- 

lated into English bv Dr. Helen Johnson^ 4 vols., 
vols. III-IV. 


Eor further particulars please communicate 
with — 

The Dibbctoe, 
Oriental Institute ^ Baroda > 
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4. 


THE -GAEKWAD’S' STUDIES IN RELIGION AND 

PHILOSOPHY. 


Rs.' A. 


The Comparative Study of Religions : [Contents : 

I, the sources and nature of religious truth. II, super- 
natural beings, good and bad. Ill, the soul, its, nature, 
ongin, and destiny. IV, sin and suffering, salvation 
and redemption. V, religious practices. VI, the emo- 
tional attitude and religious ideals] : by Alban G. 
Widgery, M.A., 1922 .. .. .. IS-O 


Goods and Bads t being the substance of a series of 
talks and discussions with H.H. the Maharaja Gaekwad 
of Baroda. [Contents : introduction. I, physical values. 

II, inteUectual values. Ill, aesthetic values. IV, 
moral value. V, religious value. VI, the good life, its 
unity and attainment] : by Alban G. Widgery, M.A., 

1920. (Library edition Rs. 5) . . . . 3-0 


Immortality and other Essays : [Contents : I, philos- 
ophy and life. II, immortality. Ill, morality and 
religion. IV, Jesus and modern culture. V, the 
psychology of Christian motive. VI, free Catholicism 
and non-Christian Religions. VII, Nietzsche and 
Tolstoi on Morality and Religion. VIII, Sir Oliver 
Lodge on science and religion. IX, the value of con- 
fessions of faith. X, the idea of resurrection. XI, 
religion and beauty. XII, religion and history. 

XIII, principles of reform in religion]: by Alban G. 
Widgery, M.A., 1919. (Cloth Rs. 3) . . . . 2-0 


Confutation of Atheism : a translation of the Hadis4- 
Halila or the tradition of the Myrobalan Fruit : trans- 
lated by V ah Mohammad Chhanganbhai Momin, 1918 . . 0-14 


Conduct of Royal Servants : being a collection of verses 
from the Vlramitrodaya with their translations in 
English, Gujarati, and Marathi: by B. Bhattacharyya, 


M.A., Ph.D. 


0-6 



